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Executive  Siimmary 

In  1981,  1983,  1985  and  1986,  the  Ministry  of  the  Environment 
(MOE)  conducted  surveys  of  drinking  water  quality  at  selected 
communities  in  Ontario. 

This  report  presents  a  compendium  of  data  collected  during  the 
four  year  study.  Individual  reports  for  each  municipality 
surveyed  are  on  file  at  the  MOE,  Water  Resources  Branch,  Drinking 
Water  Section  office. 

The  purpose  of  the  Distribution  System  Surveys  was  to  evaluate 
the  quality  of  municipal  drinking  water,  particularly  the  water 
at  the  consumer's  tap.  Raw,  treated,  and  distributed  water 
quality  from  supplies  using  ground  water  and  surface  water  was 
monitored  at  77  municipalities  across  the  province. 
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1 , 0   INTRODUCTION 

The  delivery  of  high  quality  drinking  water  to  the  consumer's  tap 
depends  not  only  on  the  initial  treatment  the  water  receives,  but 
also  on  conditions  within  the  distribution  system.  Water  may 
reside  within  the  distribution  system  mains  and  household  service 
connections  for  significant  periods  of  time,  in  some  cases  days. 
During  this  time,  changes  can  occur  that  affect  both  the 
aesthetic  and  health  related  quality  of  the  water. 

This  report  incorporates  data  obtained  from  a  series  of 
Distribution  System  Surveys  (DSS)  conducted  in  1981,  1983,  1985, 
and  1986,  by  the  Ministry  of  the  Environment  (MCE) .  The  DSS  were 
initiated  to  evaluate  the  quality  of  both  the  treated  and 
distributed  drinking  water  at  selected  Ontario  communities.  Of 
the  77  municipalities  sampled,  70%  had  populations  less  than 
10,000;  thus,  the  sites  selected  were  representative  of  the 
smaller  systems  in  Ontario. 

The  purpose  of  the  DSS  was  to  determine  the  general  state  of 
selected  Ontario  municipal  drinking  waters  and  distribution 
systems  using  a  standard  sampling  protocol  and  analyses  and  to 
determine  changes  in  water  quality  that  may  have  occurred  along 
the  route  from  leaving  the  water  treatment  plant  to  the 
consumer ' s  tap . 


Raw  water  sources  include  ground  water  and  surface  water,  rivers 
and  lakes.  At  each  of  the  77  municipalities  involved,  samples  of 
raw,  treated,  and  distributed  water  were  collected.  In  each  case, 
the  quality  of  drinking  water  in  the  distribution  system  is 
compared  to  that  of  the  raw  and  treated  water.  The  reasons  for 
apparent  changes  in  water  quality  that  may  have  occurred  during 
distribution  are  examined. 

Analyses  were  performed  for  a  wide  variety  of  water  quality 
parameters  under  the  headings  of  Field  Data,  General  Chemistry, 
Metals,  Bacteriological  Content,  and  Macro-Organisms.  Testing  for 
trace  organics  and  pesticides  was  not  included  in  the  DSS  for 
several  reasons,  two  of  which  were:  limits  for  these  substances 
in  drinking  water  were  not  universally  available  at  the  time  of 
the  surveys;  and  they  were  not  examined  in  other  surveys. 

Due  to  the  vast  data  base  accumulated  over  the  four  years, 
interpretation  of  results  for  all  parameters  is  very  complicated; 
hence,  only  a  few  important  parameters  are  evaluated.  The 
evaluation  is  based  on  the  following  criteria: 

1.  a  comparison  of  the  raw,  treated  and  distributed  water 
quality  with  relation  to  the  source  water,  i.e.  ground  water, 
surface  water  lakes,  or  surface  water  rivers.  The  Ontario 
Drinking  Water  Objectives  (ODWOs)  are  used  as  a  reference 
point  for  drinking  water  quality; 


2.  the  effect  of  corrosion  parameters  (field  pH,  alkalinity,  and 
Langelier  Index)  on  the  distribution  system;  and, 

3.  the  effect  of  field  pH,   total  chlorine  residual,   and 
alkalinity,  on  micro-  and  macro-organisms. 

2.0   SYSTEM  INFORMATION 

The  DSS  included  a  total  of  77  separate  systems,  comprising  22 
ground  water  sources,  22  surface  river  sources,  and  37  surface 
lake  sources.  Although  several  locations  use  more  than  one 
source,  all  have  one  distribution  system.  A  summary  of  the 
sampling  locations,  the  source  waters,  the  types  of  treatment, 
and  the  date  of  sampling  are  given  in  Tables  I,  II,  and  III. 

Of  the  22  ground  water  sources,  7  had  no  treatment  of  any  type, 
one  was  fluoridated,  and  the  rest  received  disinfection 
(chlorination)  only.  All  22  river  sources  and  37  lake  sources 
were  chlorinated  and  9  were  treated  for  alkalinity  adjustment  or 
corrosion  control. 


TABLE  I   GROUND  WATER  SUPPLIES 


TREATMENT 

LOCATION 

SOURCE 

YEAR 

MONTH 

TYPE 

Aurora 

G 

1981 

07 

D 

Beeton 

G 

1986 

10 

D 

Burk's  Fans 

G 

1983 

03 

N 

Caledonia 

G 

1981 

05 

D 

CaHandtr 

G 

1983 

03 

D 

Campbelfvtlle 

G 

1981 

08 

FL 

Capreol 

G 

1985 

U 

D 

Cooks  town 

G 

1986 

10 

D 

Dymood  Township 

G 

1983 

03 

N 

Bora 

G 

1981 

06 

D 

Erin 

G 

1981 

06 

N 

Mattawa 

G 

1983 

02 

N 

MiJtoo 

G 

1981 

07 

N 

Mount  Forest 

G 

1981 

06 

N 

New  Uskeanl 

G 

1983 

03 

D 

Newmarket 

G 

1986 

12 

D 

PlattsviUe 

G 

1986 

09 

D 

Powaisan 

G 

19S3 

03 

N 

Sault  Ste  Marie 

G/SL 

1986 

11 

D 

South  River 

G 

1983 

02 

D 

Strathroy 

G 

1986 

10 

D 

Trenton 

G/SL 

1981 

07 

D 

SOURCE: 

G  =  Ground  Water 

SL  =  Surface  Lake 

TREATMENT  TYPE: 

N  =  None  D  =  Disinfection  FL  =  Fluoridation 

TABLE    II       SURFACE    RIVER 

WATER 

SUPPLIES 

TREATMENT 

LOCATION 

SOURCE 

YEAR 

MONTH 

TYPE 

Brantford 

SR 

1981 

07 

D,n,FL 

Campbellford 

SR 

1981 

06 

D,n 

Cayuga 

SR 

1981 

05 

D,n 

Chapleau 

SR 

1981 

07 

DJKA 

Delhi 

SR 

1981 

06 

D.FL 

Gananoque 

SR 

1986 

01 

D 

Hastings 

SR 

1981 

06 

D 

Hearst 

SR 

1985 

11 

D.n.cc 

Latchford 

SR 

1983 

02 

DJTAA 

Lindsay 

SR 

1981 

06 

DJl 

Marmora 

SR 

1981 

07 

D 

Otuwa 

SR- 

1986 

01 

D,n.FL.AA 

Pembroke 

SR 

1986 

01 

DJIAA 

Peterborough 

SR 

1981 

06 

DJLFL 

Rainy  River 

SR 

1986 

U 

DjlAA 

Stur^on  Falls 

SR 

1983 

02 

D.n 

Sudbury 

SR/SL 

1985 

12 

D.FLAA 

Thome 

SR 

1983 

03 

D 

Timmins 

SR 

1985 

11 

DJLCC 

Trenton 

SR/SL/G 

1981 

07 

D.n 

Vemer 

SR 

1983 

02 

D.HAA 

Windsor 

SR 

1985 

12 

D.FI.FL 

SOURCE: 

SR  =  Surface  River 

SL  =  Surface  Lake 

G    =  Ground 

TREATMENT  TYPE: 

D    =  Disinfection   AA 

=  Alkalinity  Adjustment 

FL  =  Fluoridation   CC 

=  Corrosion  Contre 

FI  "Filtration 

TABLE  III 


SURFACE  LAKE  WATER  SUPPLIES 


TREATMENT 

lcx:atio» 

SOURCE 

YEAR 

MONTH 

TYPE 

Bancroft 

SL 

1981 

07 

D 

Barry's  Bay 

SL 

1986 

01 

0,FI,AA 

SeUeviUe 

SL 

1981 

07 

O.FI.FL 

Bracebridge 

SL 

1981 

06 

D 

Cache  Bay 

St 

1983 

02 

D 

Cobalt  SL 

1983 

03 

D 

Oeseronto 

SL 

1986 

10 

D,FI,AA 

Dryden  SL 

1986 

12 

D.FI.FL 

CC 

Dunnvit le 

SL 

1981 

05 

D,FI 

Elliot  Lake 

SL 

1985 

12 

D,FI,FL 
,AA 

Essex   SL 

1981 

07 

D,F1 

Fenelon  Falls 

SL 

1981 

06 

D,F1 

Goder ich 

SL 

1985 

12 

D,FI,FL 

Gravenhurst 

St 

1981 

06 

D,AA 

Haileytxjry 

SL 

1983 

03 

D,Fl 

Hamilton 

SL 

1981 

06 

D,FI,FL 

HuntsviUe 

St 

1981 

06 

O.Fl.AA 

Kenora  SL 

1985 

11 

O.Fl.FL 

AA 

Kingsville 

SL 

1981 

07 

0,F1 

Kirlcland  Lake 

SL 

1985 

11 

D,FL 

Leamington 

SL 

1981 

07 

D,F! 

Nanti  colce 

SL 

1981 

06 

D,FI 

Nobel   SL 

1983 

03 

D 

North  Bay 

SL 

1983 

03 

0,FL 

Owen  Sound 

SL 

1985 

12 

D,FI,FL 

Parry  Sound 

SL 

1983 

03 

D,FL 

Picton  SL 

1986 

10 

D,FI,FL 

Sault  Ste.  Marie 

SL/G 

1986 

11 

0,FI 

Sioux  Lookout 

SL 

1985 

11 

D,FL 

St.  Thomas 

SL 

1986 

■  10 

0,FI,FL 

Sudbury  SL/SR 

1985 

12 

O.FL.AA 

Temagami  North 

SL 

1983 

02 

D,FI 

Temagami  South 

SL 

1983 

02 

0 

Thunder  Bay  North 

SL 

1985 

10 

0,FI 

Thunder  Bay  Sooth 

SL 

1985 

10 

D,AA 

Trenton  SL/SR/G 

1981 

07 

D,FI 

Wiartoo  SL 

1986 

11 

0 

SOURCE; 

SL  =  Surface  Lake 

SR  »  Surface  River     G  = 

Ground 

TREATMENT  TYPE: 

D  =  Disinfection 

AA  =  Alkalinity  Adjustment 

FL  =  Ftuoridatior» 

CC  *  Corrosion  Control 

Ft  »  Filtration 

3.0   SAMPLING  PROCEDURES 

Sampling  was  performed  in  accordance  with  the  procedures  outlined 
in  the  MOE  publication,  'A  Guide  to  the  Collection  and  Submission 
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of  Samples  for  Laboratory  Analysis'  . 

Although  the  fundamental  objectives  were  not  altered 
significantly  during  the  course  of  the  four  year  study,  the 
methods  employed  therein  were  modified  somewhat  from  year  to 
year.  Various  sampling  techniques  were  used  depending  on  the  type 
of  analysis.  At  the  water  treatment  plant,  a  sample  of  raw  water 
was  taken  before  it  was  subjected  to  any  kind  of  treatment.  The 
treated  water,  also  at  the  plant,  was  sampled  prior  to 
distribution. 

To  obtain  a  profile  of  water  quality  in  the  distribution  system, 
particularly  with  respect  to  inorganic  and  biological  parameters, 
four  different  types  of  samples  were  taken  (flushed,  random, 
overnight  and  filtered) . 

1 .  Flushed  Sample 

A  flushed  sample  was  collected  after  water  at  the  tap  or  hydrant 
was  allowed  to  flow  to  waste  for  five  minutes.  This  ensured  that 
water  was  representative  of  the  distribution  system  and  not 
influenced  by  household  plumbing.  Whete  fire  hydrants  were 
sampled,  care  was  taken  to  keep  the  flow  to  about  4  L/s  so  that 
sediment  was  not  lifted  from  the  mains.  General  chemistry,  metal, 
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bacteriological,  and  biological  analyses  were  performed  on  the 
flushed  sample  as  well  as  some  on-site  (field)  testing. 

2 .  Random  Sample 

A  random  sample  was  collected  at  unspecified  times  during  the  day 
(when  the  water  may  be  used  for  consumption)  and  without  prior 
flushing.  The  temperature  of  the  water  was  recorded  at  the  time 
of  sampling  and  the  sample  was  submitted  for  metal  analysis. 

3 .  Overnight  Sample 

During  the  1985  and  1986  studies,  an  overnight  sample  was 
collected  by  the  home  occupant.  Water  was  not  used  during  the 
night  for  any  purpose  and  the  sample  was  collected  first  thing  in 
the  morning  without  prior  flushing.  Water  temperature  was 
recorded  at  the  time  of  sampling  and  the  sample  was  submitted  for 
metal  analysis.  The  overnight  sample  was  taken  to  examine  the 
level  of  metals  leached  from  the  domestic  plumbing  and  service 
connections  in  the  water  supply. 

4 .  Filtered  Sample 

A  filtered  sample  was  taken  for  biological  analyses.  A  quantity 
of  up  to  30  L  of  water  was  passed  through  an  in-line  filter  47  mm 
in  diameter  with  8  /im  pores.  For  hydrant  samples,  the  volume 
filtered  was  usually  around  4000  L  and  the  filter  pore  size  was 
as  large  as  75  \iT&..  Any  macro-organisms  trapped  on  the  filter  were 
washed  into  sample  bottles  containing  sodium  thiosulphate  to 


remove  the  chlorine.  The  purpose  of  this  sample  was  to  identify 
and  quantify  any  organisms  and  other  visible  particles  present  in 
the  water  supply. 

Table  IV  lists  sampling  method  and  parameter  groups. 


TABLE  IV 
SAMPLE  TYPES  AND  PARAMETER  GROUPS 


DISTRIBUTION  SYSTEM  (DS) 

RAW  WATER 

TREATED  WATER  DS  FLUSHED    DS  RANDOM 

DS  OVERNIGHT 

Rcid  data 

Field  data 

Field  data 

"Temperature 

Temperature 

Temperature       Temperature 

Temperature 

Chemistry 

Chemistry 

Chemistry 

Metals 

Metals 

Metals                   Metals 

Metals 

Bacteriology 

Bacteriology 

Bacteriology 
Biological  ** 

•   Reld  data 

""  Filtered  sample 

Locations  for  distribution  system  sampling  were  usually  chosen  in 
consultation  with  Public  Utilities  personnel.  These  locations 
were  selected  to  be  representative  of  the  system  as  a  whole  based 
on  distance  from  the  water  treatment  plant,  age,  type,  and  size 
of  the  mains,  and  the  probable  volume  of  flow  through  the  mains. 
Where  possible,  a  few  sites  were  also  examined  for  worst  case 
conditions  such  as  dead-end  mains  and  houses  with  lead  and/or 
copper  service  connections.  On  occasion,  sampling  was  done  in 
response  to  consumer  complaints. 


In  1981,  water  was  sampled  at  five  homes  and  one  fire  hydrant  in 
each  distribution  system.  After  1982,  the  fire  hydrant  sample  was 
no  longer  collected  and  the  average  number  of  locations  sampled 
was  increased  to  seven.  In  1985  and  1986,  household  samples  were 
taken  at  kitchen  faucets.  In  previous  years,  the  household 
sampling  locations  were  not  identified. 

4.0   ANALYTICAL  PROCEDURES 

During  the  1981  and  1983  studies,  all  laboratory  analyses  were 
carried  out  by  the  MOE,  Laboratory  Services  Branch  according  to 
procedures  outlined  in  the  MOE  publication,  'Outlines  of 
Analytical  Methods'^.  Table  V  lists  the  water  quality  parameters 
that  were  investigated  for  the  study. 

With  respect  to  the  1985  and  1986  studies,  the  consulting  firms 
M.M.  Dillon  Limited,  Proctor  and  Redfern  Limited,  and  Canviro 
Consultants  were  engaged  by  the  Ministry  to  conduct  the  DSS. 
Laboratory  analyses  were  performed  in-house  by  these  firms  or  by 
private  laboratories.  All  analyses  followed  the  procedures 
outlined  in  either  the  previously  mentioned  MOE  publication  or, 
as  in  the  case  of  Proctor  and  Redfern  Limited,  in  the  American 
Public  Health  Association's  'Standard  Methods  for  the  Examination 
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of  Water  and  Wastewater'  . 


Laboratory  analyses  were  performed  on  a  priority  basis, 
bacteriological  samples  were  received  by  the  laboratory  within  24 
hours  of  sampling  and  analyzed  without  delay;  macro-organism 
counts  commenced  immediately  after  sample  receipt;  analysis  for 
general  chemistry  parameters  was  given  routine  priority;  and 
analysis  for  metals  was  performed  last  to  ensure  that  the  work 
for  each  parameter  was  performed  at  the  same  time  for  all 
locations.  This  procedure  simplified  set-up  and  improved  quality 
control. 


TABLE  V 
SELECTED  WATER  QUALITY  PARAMETERS 


FIELD  DATA 

GENERAL  CHEMISTRY 

METALS 

BACTERIOLOGICAL 
CONTENT 

Chlorine,  Free 

AlkaJinity 

Aluminum 

Fecal  Coliform 

Chlorine.  Combined 

Calcium 

Antimony 

Fecal  Streptococci 

DissoJved  Oxygen 

Colour 

Arsenic 

Sundard  Plate  Count 

pH 

Conductivity 

Barium 

Total  Coliform 

Temperature 

Cyanide 

Boron 

Total  Coliform  Background 

Dissolved  Organic  Cartxm 

Cadmium 

Fluoride 

Chromium 

Hardness 

Cobalt 

MACRO-ORGANISMS 

Magnesium 

Copper 

Nitrogen.  Ammonia 

Iron 

•AJgae 

Nitrogen.  Kjeldahl 

Lead 

Qadocera 

Nitrogen,  Nitrate 

Manganese 

Copepoda 

Nitrogen.  .Nitrite 

.Mercury 

Nematoda 

pH 

Molybdenum 

Protozoa 

Phosphorous 

Nickel 

Other  .Materials 

Residue.  Total 

Sclemum 

Other  Organisms 

Silicon 

Silver 

Sodium 

Zinc 

Sulphate 

Turbidity 

ASTM  Index 

Langclier  Index 
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5.0  RESULTS  AND  DISCUSSION 

The  results  are  discussed  in  three  parts: 

1.  comparison  of  sample  types  versus  source  water; 

2.  effect  of   corrosion  parameters  (  field  pH,  alkalinity,  and 
Langelier  Index)  on  distribution  system;  and 

3.  effect  of  field  pH,  total  chlorine  residual,  and  alkalinity 
on  micro-  and  macro-organisms. 

5. 1  Comparison  of  Sample  Type  in  Relation  to  Water  Source 

In  relation  to  the  three  different  water  sources,  three 
approaches  are  taken  to  examine  water  quality.  First,  the  raw  and 
treated  waters  (at  the  water  treatment  plant)  are  compared  in 
order  to  detect  significant  changes  that  may  have  occurred  during 
the  treatment  process.  Secondly,  the  flushed  water  samples  taken 
at  houses  in  the  distribution  system  are  compared  with  the 
treated  water  at  the  plant.  Lastly,  the  flushed,  random,  and 
overnight  distribution  system  samples  are  compared.  The  latter 
two  comparisons  are  made  to  assess  the  effect  on  water  quality 
due  to  deterioration  in  the  distribution  mains,  service 
connections,  and  household  plumbing. 

A  compilation  of  analytical  results  are  presented  in  the  tables 
in  Appendix  A. 
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5.1.1  Field  Data 

Field  parameters  include  free  chlorine,  combined  chlorine,  pH, 
dissolved  oxygen  and  temperature.  Chlorine  residuals,  both  free 
and  combined,  are  higher  in  the  treated  waters  than  in  the 
flushed  waters  indicating  a  decline  in  the  chlorine  residual 
within  the  distribution  system. 

The  mean  pH  remains  relatively  constant  in  the  raw,  treated,  and 
flushed  samples  indicating  no  apparent  distribution  system 
effect.  Results  show  that  68%  of  the  flushed  house  samples  from 
all  sources  have  a  pH  between  7  and  8,  13%  have  pH  levels  between 
8  and  9  and  16%  have  pH  levels  between  6  and  7. 

Mean  dissolved  oxygen  values  are  higher  in  the  treated  water  than 
in  the  raw  water.  In  the  distribution  system,  values  are  lower 
indicating  oxygen  consumption. 

5.1.2  General  Chemistry 

Twenty-two  parameters  were  surveyed  for  general  chemistry.  The 
effect  of  treatment  on  different  source  waters  is  analyzed  with 
respect  to  eight  parameters;  colour,  turbidity,  hardness, 
calcium,  conductivity,  alkalinity,  dissolved  organic  carbon  (DOC) 
and  nitrate. 
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For  the  majority  of  locations  using  river  water,  an  increase  in 
conductivity  and  calcium  and  a  decrease  in  turbidity  and  colour 
levels  after  treatment  is  observed.  Parameters  that  do  not  vary 
greatly  after  treatment  are  DOC,  hardness,  nitrate  and 
alkalinity. 

When  comparing  these  same  parameters  for  lake  water,  it  is  found 
that  nitrate  levels  are  slightly  higher  after  treatment. 
Alkalinity,  colour,  turbidity  and  DOC  levels  are  lower  after 
treatment.  Hardness,  conductivity  and  to  some  extent  calcium 
levels  show  no  change  due  to  treatment. 

In  ground  water,  the  majority  of  the  parameters  do  not  change 
after  treatment.  Turbidity  and  DOC  levels  are  lower  after 
treatment.  Hardness,  alkalinity,  colour,  conductivity  and  calcium 
levels  do  not  change.  Nitrate  levels  are  slightly  higher  in  the 
distribution  system. 

5.1.3  Metals 

For  the  most  part,  metal  levels  are  elevated  in  the  overnight 
samples  and  to  a  lesser  extent  in  the  random  samples  as  compared 
to  levels  in  the  treated  water.  Levels  in  the  flushed  samples  are 
unchanged  from  the  treated  water.  The  average  levels  of  arsenic, 
selenium,  antimony,  cobalt,  molybdenum,  silver  and  mercury  remain 
constant  from  the  raw  water  to  the  distributed  water  regardless 
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of  source.  Levels  reported  are  generally  near  or  at  the  method 
detection  limit. 

Boron  levels  decrease  in  the  distribution  system.  Levels  of 
barium,  copper,  cadmium,  chromium,  iron,  lead,  manganese, 
aluminum,  nickel  and  zinc  are  elevated  in  the  distribution  system 
as  compared  to  the  treated  water.  Of  these,  only  lead,  zinc,  iron 
and  copper  exhibit  elevated  levels  in  the  distribution  system 
regardless  of  source  waters.  Other  factors  such  as  source  seem  to 
affect  the  levels  of  the  other  six  parameters  in  the  distribution 
system  i.e.  barium  levels  increase  in  the  distribution  system 
with  a  surface  water  source  yet  decrease  when  the  source  is 
ground  water. 

Lead  levels  for  all  sample  types  regardless  of  source  are 
elevated  in  the  distribution  system.  As  indicated  in  the  tables 
(Tables  20  -33) ,  maximum  lead  concentrations  exceed  the  ODWO  of 
0.05  mg/L  in  random  and  overnight  distribution  system  samples 
from  all  sources  and  in  the  treated  water  when  ground  water  is 
used.  The  levels  of  lead  found  in  these  samples  ranges  from  0.06 
mg/L  to  0.82  mg/L.  Flushed  samples  have  lower  lead  levels  than 
random  and  overnight  samples.  Elevated  lead  concentrations  are 
attributed  to  leaching  from  the  zinc  galvanized  pipes  and  also  to 
leaching  from  lead  service  connections.  Concentration 
distribution  for  flushed  samples  from  all  sources  show  that  80% 
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have  a  lead  concentration  of  less  than  0.003  mg/L.  Twenty  flushed 
samples  have  values  greater  than  0.013  mg/L. 

The  accompanying  questionnaire  requested  that  the  type  of  service 
connection  at  the  distribution  system  location  be  noted.  Only  19 
identified  a  lead  service  connection. 

Elevated  levels  of  zinc  are  common  in  random  and  overnight 
samples.  This  may  be  a  result  of  zinc  leaching  from  galvanized 
plumbing.  The  maximum  zinc  concentration  appears  in  the  overnight 
samples;  3.54  mg/L,  3.24  mg/L,  and  1.17  mg/L  for  ground,  surface 
lake,  and  surface  river  sources,  respectively.  Approximately  87% 
of  the  flushed  water  samples  contain  less  than  0.025  mg/L  zinc. 

Iron  levels  from  all  three  sources  decline  after  treatment  but 
are  elevated  in  the  distribution  system.  Levels  are  highest  in 
overnight  samples.  Elevated  concentrations  of  iron  in  the 
distribution  system  are  probably  due  to  leaching  in  the  iron 
mains.  Results  show  that  90%  of  the  flushed  samples  have  less 
than  0.25  mg/L  iron. 

Copper  results  from  all  sources  show  that  the  levels  increase  in 
the  distribution  system.  In  general,  the  random  and  overnight 
samples  have  greater  copper  levels  than  flushed  samples.  Results 
for  the  flushed  samples  show  that  65%  of  the  residences  have 
copper  levels  less  than  0.05  mg/L  and  only  4%  have  copper  levels 
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greater  than  0.25  mg/L.  The  copper  distribution  in  the  random 
samples  from  all  sources  indicates  that  only  31%  have  levels  less 
than  0.05  mg/L.  Thirty-eight  percent  have  levels  greater  than 
0.25  mg/L.  The  aesthetic  ODWO  for  copper  is  1.0  mg/L.  An 
explanation  of  the  elevated  copper  levels  in  the  distribution 
system  is  presented  later  in  the  text. 

5.1.4  Bacteriological  Content 

Analysis  for  bacteriological  content  has  been  used  traditionally 
to  ensure  that  water  is  pathogen  free  and  is  monitored  by 
municipalities  on  a  routine  basis.  It  was  included  in  the  DSS  to 
complete  the  evaluation  of  the  effect  of  distribution  on  water 
quality  and  monitor  changes.  Bacteriological  analysis  include: 
fecal  coliform,  total  coliform,  background,  fecal  streptococci, 
and  standard  plate  count  (SPC) . 

When  raw  and  treated  waters  are  compared,  it  is  found  that 
treatment,  regardless  of  type,  is  effective  in  producing 
bacteriologically  safe  water.  In  reviewing  the  flushed  water 
samples,  bacteriological  quality  is  maintained  in  the 
distribution  system  except  for  two  locations:  fire  hydrants  and 
houses  on  the  dead  end  section  of  the  system.  The 
bacteriological  quality  at  these  locations  is  poor  compared  to 
just  after  treatment.  A  low  chlorine  residual  is  reported  at 
these  locations.  As  will  be  noted  later,  a  general  association 
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between  increased  bacteria  counts  and  decreased  chlorine  residual 
is  found. 

5.1.5  Macro-oraanisins 

Macro-organisms  are  part  of  the  normal  fauna  of  water  and  may  be 
present  in  water  distribution  systems.  Although  the  macro- 
organisms  are  not  themselves  of  health  concern,  they  may  harbour 
pathogenic  organisms  and  affect  the  aesthetic  quality  of  the 
water,  especially  if  they  are  abundant.  The  macro-organisms 
studied  in  the  DSS  include  nematoda,  copepoda,  cladocera, 
protozoa,  and  algae,  as  well  as  'other'  organisms  and  materials. 
Some  algae,  protozoa,  and  other  organisms,  which  are  common  in 
either  soil  or  surface  waters,  can  cause  taste  and  odour  problems 
and  deplete  chlorine  residuals.  Although  most  of  these  organisms 
are  removed  by  conventional  treatment  processes,  several  are  able 
to  pass  through  and  others  may  gain  access  through  improper 
construction,  repair  or  maintenance  procedures  of  the 
distribution  system.  The  larger  visible  organisms  can  reproduce 
in  the  distribution  system,  remain  in  sediments,  and  create  local 
aesthetic  problems  where  water  quality  is  allowed  to  deteriorate. 

Irrespective  of  source,  treatment  is  successful  in  decreasing  the 
number  of  macro-organisms  or  maintaining  them  at  a  low  level. 
Conventional  treatment  (i.e.  treatment  with  more  than  just 
chlorination)  is  more  effective  than  disinfection  alone.  Macro- 
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organisms  are  more  abundant  in  the  flushed  waters.  This  may  be  a 
result  of  low  chlorine  residual  in  the  distribution  system  or 
disturbance  from  sediments. 

5. 2    Effects  of  Corrosion  Parameters  on  the  Distribution  System 

Correlation  between  specific  metal  concentrations  in  the 
distribution  system  and  pH,  alkalinity  and  Langelier  Index  are 
reviewed  with  respect  to  corrosion.  Graphical  correlations  are 
presented  for  lead  and  copper  results.  The  discussion  compares 
all  residences  regardless  of  plumbing  type.  Included  are 
residences  with  copper  plumbing  and  residences  with  lead  service 
connections. 

5.2.1  All  Residences 

The  number  of  flushed  samples  exceed  the  number  of  random  or 
overnight  samples  since  overnight  standing  samples  were  taken 
only  in  the  1985  and  1986  surveys. 

Lead  concentrations,  as  expected,  are  higher  in  the  overnight  and 
random  samples  as  opposed  to  flushed  water  samples  (Figure  1) . 
Lead  concentrations  are  also  highest  at  pH  between  7  and  8. 
Copper  concentrations,  as  with  lead,  are  higher  in  the  overnight 
and  random  samples  than  the  flushed  samples  (Figure  2) . 
Concentrations  are  highest  at  pH  between  6  and  7. 
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Results  show  that  the  majority  of  the  samples  could  be  grouped 
into  two  ranges  for  alkalinity;  less  than  100  mg/L  CaCOj  and 
between  150  and  250  mg/L  CaCOj.  The  mean  alkalinity  is  95  mg/L 
with  a  standard  deviation  of  ±  79  mg/L  CaCOj  indicating  the 
high  variability  in  waters.  Even  though  most  of  the  samples  are 
found  in  the  lower  alkalinity  range  where  there  is  an 
undersaturation  of  calcium  carbonate,  only  a  few  random  and 
overnight  samples  exhibit  elevated  copper  levels.  A  nxomber  of 
random  and  overnight  samples  are  observed  to  have  elevated  lead 
levels  (Figure  3  and  Figure  4) . 

Although  low  alkalinity  waters  may  accelerate  the  leaching 
process,  the  effect  of  alkalinity  on  metal  leaching  from  the 
distribution  system  is  minimal.  It  should  be  noted  that  other 
factors  such  as  treatment  (i.e.  corrosion  control  and  alkalinity 
adjustment)  are  not  taken  into  account.  These  must  be  assessed 
for  individual  municipalities. 

The  Langelier  Index  (LI)  is  a  measure  of  the  ability  of  a  water 
to  deposit  scale  or  to  corrode.  The  calculation  is  based  on  the 
degree  of  saturation  of  the  water  with  respect  to  CaCOj.  If  the 
water  is  saturated,  it  will  neither  scale  nor  corrode.  A  water 
with  a  positive  LI  is  termed  oversaturated  and  will  tend  to 
deposit  scale.  A  water  with  a  negative  LI  will  tend  to  be 
aggressive,  dissolving  any  scale  present.  Results  show  elevated 
levels  of  metals  occur  when  the  LI  is  both  positive  and  negative. 
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No  association  can,  therefore,  be  made  between  leaching  of  metals 
and  a  negative  LI.  A  mean  LI  of  -0.80  ±  1.39  is  found  indicating 
that  more  than  half  of  the  locations  tested  have  fairly 
aggressive  waters. 

5.2.2  Residences  with  Copper  Plumbing 

Residences  with  copper  plumbing  were  sampled  in  order  to 
determine  the  effect  on  metal  levels.  Appendix  A,  Table  44  shows 
that  maximum  copper  values  are  highest  in  residences  with  copper 
plumbing. 

5.2.3  Residences  with  Lead  Service  Connections 

The  number  of  residences  with  lead  service  connections  is  much 
lower  than  with  copper  plumbing.  The  effect  of  type  of  service 
connection  on  metal  content  is  more  apparent  when  compared  to 
homes  with  copper  service  connections  as  shown  in  Figures  5  and 
6.  Flushed  samples  from  residences  with  lead  service  connections 
have  higher  lead  levels  than  flushed  samples  from  residences 
without  lead  service  connections.  Also,  the  mean  lead  level  in 
overnight  samples  is  elevated  when  compared  to  all  residences 
regardless  of  plumbing.  Increased  overnight  leaching  of  lead, 
therefore,  is  more  apparent  in  residences  with  lead  service 
connections. 


20 


The  effect  of  low  alkalinity  water  on  residences  with  lead 
service  connections  is  most  apparent  in  the  overnight  samples. 
The  lower  the  alkalinity  the  higher  the  lead  dissolution.  This  is 
also  apparent  in  flushed  samples  (Figure  5)  .  A  positive  but 
relatively  weak  correlation  can  be  made  between  alkalinity  and 
lead  leaching  from  lead  service  connections. 

5.3    Effects  of  pH.  Chlorine,  and  Alkalinitv  on  Biological 
Content 

The  effects  of  field  pH,  total  chlorine  residual,  and  alkalinity 
on  bacterial  and  biological  species  are  examined  for  total 
coliforms,  background  coliforms,  standard  plate  counts  and 
nematodes . 

With  respect  to  the  corrosion  parameters,  it  is  found  that 
neither  pH  nor  alkalinity  affect  micro-  or  macro-organisms.  That 
is,  no  correlation  can  be  made  between  pH  or  alkalinity  and 
bacterial  and/or  biological  populations  in  the  distribution 
system. 

On  the  other  hand,  an  inverse  relationship  exists  between  the 
total  chlorine  residual  and  the  number  of  organisms  present.  As 
the  total  chlorine  concentration  decreases,  the  niamber  of  micro- 
and  macro-organisms  increases.  Results  indicate  that  a  minimum 
total  chlorine  residual  of  0.5  mg/L  is  needed  to  maintain  a 
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bacteriologically  and  biologically  safe  water  throughout  the 
distribution  system.  An  average  value  of  1.0  mg/L  total  chlorine 
residual  is  optimum. 

5.4   Summary 

The  vast  amount  of  data  for  varying  water  sources  makes  trend 
analysis  difficult.  Results  indicate  that  source  specific  trend 
analyses  may  be  more  realistic.  The  data  set  lacked  uniformity. 
Parameters  analyzed  were  not  consistent,  data  on  type  of  service 
connection  or  plumbing  information  was  erratic  and  many 
distribution  system  sites  selected  received  water  from  more  than 
one  source.  Data  from  these  locations  could  not  be  used. 

In  addition,  other  factors  such  as  distance  from  treatment  plant 
to  consumer's  tap,  age  of  distribution  system,  materials  used  in 
the  plumbing  system,  length  of  service  connection,  type  of  taps 
and  fixtures,  or  sampling  location  in  the  home  may  have  been 
significant  in  determining  water  quality  at  the  tap. 
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6 . 0   CONCLUSIONS 

The  purpose  of  this  survey  was  to  acquire  water  quality 
information  on  the  distribution  system  specifically  at  the 
consumer's  tap  and  assess  the  effects  of  source  water,  treatment 
and  distribution  on  water  quality.  Overall  results  generated  a 
good  'picture'  of  water  quality  in  distribution  systems.  Each 
water  supply  was  monitored  for  quality  of  source  water  and  after 
treatment  water  but  monitoring  for  water  quality  in  the 
distribution  system  was  limited. 

Specific  parameters  were  altered  by  treatment,  treatment  and 
distribution  and  distribution  alone.  Field  parameters,  general 
chemistry,  bacteriological  parameters  and  macro-organisms  were 
influenced  by  treatment.  Bacteria  and  macro-organism  analyses 
showed  that  treatment  was  effective  in  producing 
bacteriologically  safe  waters  in  the  distribution  system. 
Although  still  safe,  levels  were  higher  due  to  lower  chlorine 
residual. 

Levels  of  most  metals  increased  in  the  distribution  system. 
Flushed  samples  had  the  lowest  levels  of  metals.  Random  and 
overnight  samples  had  the  highest  levels  of  metals.  Alkalinity 
and  pH  influenced  metal  levels.  The  highest  metal  levels  were 
detected  at  either  the  low  alkalinity  range  or  at  a  pH  of  6.5. 
This  correlation,  however,  was  not  conclusive.  A  more  definite 
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relationship  existed  between  the  material  used  in  the  service 
connection  and  metal  content.  Lead  levels  in  flushed  samples 
exceeded  0.01  mg/L  more  often  when  a  lead  service  connection  was 
identified  than  with  a  copper  service  connection. 

The  underlying  principle  resulting  from  this  study  was  that  water 
has  a  tendency  to  corrode  and  dissolve. 

7 . 0   RECOMMENDATIONS 

The  Distribution  System  Survey  generated  sufficient  data  to 
indicate  that  distribution  system  conditions  influence  water 
quality.  Non-uniformity  in  sampling  and  incomplete  data  for 
sampling  sites  prevented  evaluations  for  correlation  and  trend 
analysis.  Further  investigation  on  individual  municipalities 
conducted  in  a  uniform  manner  would  supplement  this  data  and 
enable  more  complete  evaluations. 
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Figure  3 
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ONTARIO  MUNICIPAL 


WATER  DISTRIBUTION  SYSTEMS 


1981,  1983,  1985,  1986 


TA8LH  1:  OlSTRIBuriON  STSTEHS  STUDY  -  FIELD  ANALYSIS  CIPSI,  1933,  1985,  1986)  -  (RAU)  GROUND  JATER  SOURCES. 


pH    I    F.  CI   I   C.  CI   I    DO    I  TEMP  (oC) 


RANGES 

«  SAMP  27  4  4  28  31 

NIM  S.IO  0.00  0.00  0.05  6.00 

MAX  7.93  0.00  0.00  10.00  15.00 


MEAN         7.37      0.00      0.00      3.77      10.20 
SO  0.60      0.00      0.00      3.07       2.14 

cowo  ..... 


ALL  RESULTS  ARE  IN  mg/L  UNLESS  OTHERWISE  STATED;  (n/u)  INDICATES  NO  UNITS. 


TABLE  2:  DISTRIBUTION  SYSTEMS  STUDY  -  FIELD  ANALYSIS  (1981,  1983,  1985,  '986)  •  (TREATED)  GROUND  WATER  SOURCES. 


pH 


«  SAMP 

15 

13 

13 

15 

14 

MIN 

5.10 

0.00 

0.00 

1.40 

6.00 

MAX 

7.94 

1.30 

3.20 

10.40 

16.00 

MEAN 

7.39 

0.43 

0.68 

5.10 

10.43 

SO 

0.70 

0.48 

1.02 

3.33 

2.63 

00  WO 

. 

. 

. 

. 

ALL  RESULTS  ARE  IN  mg/L  UNLESS  OTHERWISE  STATED;  (n/u)  INDICATES  NO  UNITS. 


7A8LH  3:  DISTRIBUTION  SYSTEMS  STUDY  -  FIELD  ANALYSIS  (1981,  1983,  1985,  1986) 


GSCXINO  JATES  SOURCES. 


pH 

(n/u) 


DO  I    TEMP    (oCJ 

I      FLUSHED 


TEMP   (oC> 
RANDOM 


TEMP    (oC: 
OVERNIGHT 


*   SAMP 

107 

36 

36 

112 

123 

U 

43 

MIN 

5.10 

0.00 

0.00 

0.60 

4.00 

11.00 

0.00 

MAX 

7.90 

1.0O 

1.50 

12.90 

21.00 

27.00 

24.00 

MEAN 

7.12 

0.11 

o.u 

4.38 

12.23 

18.31 

18.55 

SO 

0.51 

0.19 

0.27 

2.6a 

4.24 

3.94 

4.27 

00  UO 

- 

- 

- 

. 

. 

. 

. 

TABLE   4:    DISTRIBUTION   SYSTEMS   STUDY    •    FIELD   ANALYSIS   (1981,    1983,    1985,    1986)    -    (RAW)    SURFACE   LAKE   SCURCES. 


pH 


«    SAMP 

23 

6 

6 

30 

31 

MIN 

5.70 

O.OO 

0.00 

4.30 

1.00 

MAX 

9.20 

0.10 

0.35 

12.00 

25.00 

MEAN 

7.40 

0.02 

0.08 

9.39 

10.34 

SO 

0.33 

0.04 

0.14 

2.14 

7.36 

00  UO 

- 

- 

ALL    RESULTS   ARE    IN   iT>g/L   UNLESS   OTHERWISE    STATED;    (n/u)    INDICATES   NO   UNITS. 


TABLE  5:  DISTRIBUTION  SYSTEMS  STUDY  -  FIELD  ANALYSIS  (1981,  1983,  1985,  1986)  -  (TREATED)  SURFACE  LAKE  SCXJRCES. 


pH 


C.  CI 


TEMP  (oC) 


«   SAMP 

31 

31 

33 

32 

34 

MIN 

4.70 

0.10 

0.05 

3.20 

1.50 

PWX 

9.30 

2.00 

2.00 

14.00 

26.00 

MEAN 

7.13 

0.69 

0.64 

9.80 

10.53 

SO 

0.39 

0.55 

0.55 

2.75 

7.47 

00  WO 

- 

- 

ALL  RESULTS  ARE  IN  mg/L  UNLESS  OTHERUISE  STATED;  (n/u)  INDICATES  MO  UNITS. 


TABLE  6:  DISTRIBUTION  SYSTEMS  STUDY  -  FIELD  ANALYSIS  (1981,  1983,  1985,  1986) 


SURFACE  LAKE  SOURCES. 


DO    I  TEMP  (oC) 
I   FLUSHED 


TEMP  (oC) 
RANDOM 


TEMP  (oC) 
OVERNIGHT 


«   SAMP 

193 

190 

211 

200 

214 

39 

38 

MIN 

0.00 

0.00 

0.00 

1.80 

1.50 

10.50 

0.00 

MAJ( 

9.20 

1.80 

2.00 

14.00 

24.00 

26.00 

23.00 

MEAN 

7.05 

0.21 

0.25 

9.29 

11.56 

17.71 

17.50 

SD 

0.92 

0.33 

0.28 

2.62 

5.69 

3.39 

3.97 

OOUO 

- 

- 

- 

. 

- 

- 

- 

ALL  RESULTS  ARE  IN  mg/L  UNLESS  OTHERWISE  STATED;  (n/u)  INDICATES  NO  UNITS. 


TABLE  ':  DISTRI8UT;CN  SYSTEMS  STUDY  -  flELO  ANALYSIS  (1981,  1V83,  1985,  1986)  -  (RAW)  SURFACE  5IVER  SOURCES. 


pH     [    F.  Cl   I   C.  Cl   I    DO     I  TEHP  (oC) 


RANGES 

»   SAMP  19  4  4  15  17 

HtN  5.60  0.30  0.00  3.50  0.00 

MAX  3.00  0.00  0.00  14.50  28.00 

MEAN  7.23  0.00  0.00  10.34  11.58 

SO  0.62  0.00  0.00  3.13  3.39 

oouo  .... 


ALL  RESULTS  ARE  IN  mq/L  UNLESS  OTHERWISE  STATED;  (n/u)  INDICATES  NO  UNITS. 


TABLE  3:  DISTRIBUTION  SYSTEMS  STUDY  -  FIELD  ANALYSIS  C1981,  1983,  1985,  1986)  ■  (TREATED)  SURFACE  RIVER  SOURCES. 


pH    I    F.  Ct   1   C.  CI   I    DO    I  TEMP  (oC)  | 


#  SA>1P  19  17  20  16  18 

MIN  5.20  0.00  0.05  3.50  0.00 

MAX  3.20  1.40  7.60  19.60  26.00 


M6AM  7.13  0.59  0.38  10.74  11.25 

SO  0.67  0.39  1.64  3.38  8.35 

oouo  .... 


ALL    RESULTS    ARE    IN    mg/L   UNLESS   OTHERWISE    STATED;    (n/u)    INDICATES   NO  UNITS. 


TABLE  9:  DISTRIBUTION  SYSTEMS  STUDY  ■  FIELD  ANALYSIS  (1931,  1983,  1985,  1986)  -     I' ~  SURFACE  RIVER  SOURCES. 


I   pH    I   F.  CI   I   C.  CI   I    00    I  TEMP  (oC)  |  TEMP  (oC)  |  TEMP  (oC) 
\      (r\„      \  I         I         I   FLUSHED   I   RANOQH   {  OVERNIGHT 


#  SAMP 

117 

102 

123 

112 

127 

8 

9 

MIN 

4.60 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

MAX 

8.00 

1,10 

1.50 

16.00 

27.00 

23.00 

18.00 

MEAN 

7.00 

0.20 

0.35 

9.33 

11.96 

13.75 

10.78 

SO 

0.60 

0.28 

0.31 

2.77 

6.96 

6.92 

6.72 

œuo 

- 

- 

. 

- 

- 

- 

- 

ALL  RESULTS  ARE  IN  mg/L  UNLESS  OTHERWISE  STATED;  (n/u)  INDICATES  NO  UNITS. 


3ISTJt3Ur;ai»    STSTEJIS    SnjOr    •    :EHeRAL    CHEMISTRT    ;1981,     •fSl,     '985.     1986)    -    ;IUU)    ZRajHO    JATEIl    SOU«C£S. 


I         lAllO         I      *Lt         I    an      iCOLOJ»    I    -UBS    ;         CD»         |         »eS  ]         Ci  I      '^        i    *STI»    ;    UUIC    |    «Ni    |ltjeLBI    •««    |    KOS    j      >      |    OOC 

I    (CiCSi)      KCiCOS)    I  I    tTOJ)    ](fTU)    ;CLMio/asi    ;  i  |  |(n/u)    i(n/u)    I  I  I  I  I  I 


12 

12 

32 

31 

31 

32 

30 

32 

n 

27 

27 

23 

2a 

za 

28 

22 

28 

28 

28 

28 

IJ 

!7.;o 

to.:o 

6..-^ 

•0.20 

0.20 

83.00 

46.J0 

3.70 

1.50 

9.02 

-S.35 

0.01 

O.IO 

o.oo 

0.01 

0.01 

0.10 

0.30 

3.05 

3.02 

2.22 

'470.20 

3S6.:o 

a.:o 

47.00 

4&.aa 

2090.00 

2100.30 

494.00 

rs.n 

12.99 

0.81 

1.00 

8.91 

0.36 

7.J0 

1.00 

6.83 

11.30 

990.30 

2.06 

100.00 

!06.i5 

206.28 

r.n 

7.06 

3.45 

587.30 

493.32 

s2.:o 

24.70 

12.35 

•o.:3 

0.15 

0.41 

0.01 

1.28 

0.18 

Î.S9 

3.94 

98.21 

3.34 

2S.92 

2S5 .  n 

79. iO 

0.42 

10.39 

5 

8.^ 

I 

381.90 

449.15 

95.^ 

15.40 

0.37 

0.92 

0.19 

T.6A 

0.01 
1 

'.39 

to 

3.27 

1.57 

2.94 

2J7.i9 
500 

3.-5 
2.. 

32.22 

LL    lESULTS   Uie    :»   nq/l.   UNLESS  OTMEItUISE    STATES;    (n/ul    IMtCATES   «  UNITS. 


SISTSISUTIOI    STSTEXS    STUOT    •    SEMRAL    CHE-MISTRT    C1981.    '983.    1985,    1986)    -    CTHtATEO)    aCUNO    ^^V^    Sa«ŒS. 


4AaO         I      ALX         I    SH      IC3L0UR    I    njRS    {         COM)         |         JES  I        Cl  |      >«9         I    iSTM    {    UNC    {    MHi    |K.;£UI    «U 

(CaCCJI      [(CiCCJ)    I        J   I    (TCJ)    |(fTU)    |(L»mo/cii)    [  |  |  |<n/u)    |(n/u)    |  |  | 


•5 

15 

15 

14 

14 

15 

13 

15 

'5 

14 

'4 

14 

15 

15 

15 

'4 

15 

•5 

15 

•3 

3 

22. .0 

3.40 

6.24 

3.30 

3.20 

103.-0 

72.30 

4.50 

1.30 

S..1 

-3.94 

3.31 

3.37 

o.:o 

0.31 

3.31 

3.20 

3.30 

3.33 

3.32 

4.30 

350.30 

327.30 

3.20 

32.30 

3.40 

2000.30 

1940.30 

452.30 

75.30 

12.34 

1.32 

1.00 

4.90 

3.36 

5.49 

3.30 

7.70 

13.30 

980.30 

l..i6 

113.30 

392. S4 

206.  i3 

7.41 

4.98 

1.10 

710.29 

458.98 

•07. .6 

30.22 

'2.34 

O.'O 

3.14 

3.46 

3.32 

3.97 

3.20 

2.10 

7.-3 

172.95 

3.-3 

32.-6 

372. i4 

71.. 3 

3.-7 

10.11 
5 

i.;i 
1 

496.38 

574.10 

121.19 

21.54 

1.27 

1.24 

0.23 

1.73 

3.32 

1 

1.43 

10 

3.24 

2.37 

3.:5 

312.19 
500 

2.4 

39.39 

«CL   RESULTS    »«E    :n   m/L   UNLESS   OTHERWISE    STATES:    (n/u)    IWICATES   «  UNITS. 


01SIRI9UTIOJ*    SYSTEMS    STUOT    •    CEHeHAL    rHENISTRT    tl981,    5983.    '985,    !986)    ■    (fLUSKED)    ZHOUMO   yATER    SOURŒS. 


j      I         HMD         I      «LX         I    3M      ICOLOUI    |    OIRB    |         C3M         {RES  I        Ca  |      Mq        |    ASTM    |    UNG    |    KMi    {(JEU)|    HOZ    |    «03    |      ?      |    OOC    |    SIO]    |        SO»         |      F      |        !«■        | 

I    (CjCOJ)      |(C*CQ3)    I  I    (TOI)    |(FTU)    Itumo/eai)    |  |  |  |(n/u)    |(n/u)    I  |  I  I  I  |  |  I  I  I  I 


118  tir     lia        114       117  115  m  na        us       lo*       104       98     t04     107     107       sa     107       107  107      99  53 

O.IO  9.60     6.19        -1.10       0.04  86.60      .        55.30  0.01  0.01        2.10     -3.97     O.OO     0.06     0.00     0.01     0.01      O.IO       0.30  0.2O     0.02  6.30     0 

1360.00       469.10     3.30      158.30     S6.30  2420.30  1960.30         464.30       81.10     13.38        1.30      1.30     3.37     3.38     3.33     0.50     5.22     13.20         950.30      1.72       603.30     3 


86.60 

55.30 

2420.30 

1960.30 

616.48 

523.52 

431.30 

474.72 

310.17       188.14     7.59         7.22       2.50  616.48  523.52  86.30       23.36     11.76     -0.29     0.11     0.26     0.01     1.55     0.17     1.30       6. J         117.79     0.35         47.32     0 

321.78         30.05     0.^       17.90       7.37  431.30  474.72         100.82       18.56       1.50       1.28     0.12     0.39     0.31     1.81     0.22     0.38       2.67        242.73     0.,2         94.»     a 

5  1  -  .  ■  .  .  .  .  .  1         10         .  .  .  500       2.4  - 


RESULTS   ADE    III   n«/L   UNLESS   OTHERWISE    STATED;    (n/u>    IMOICATES   KO  UNITS. 


OISTRiauriON    systems    SnjOr    ■    general    chemistry    (1981,    1983.    '985,    1986)    -    (RAW)    SURFACE    -AXE    SOURCES. 


HARD      I      ALX         I      PH         iCSLOUR    I    TUia    {      CONO         |        RES         |         Cl        {      xq         |    ASTM    |    UNO    |    IIM3    |KJ£U}|    MZ      [    «03    |      ?      |    OK      |    $103    |      S04        |      F      | 
(C*:a3)    |(C»C03)    |  |    (TOJ)    KFTU)    |(i«no/ca)|  I  I  |(n/u)    |(B/u)    I  I  I  I  I  I  I  I  II 


28  25  28  28  28  28  28  27  28  28 

1.00  8.50  -3.87  0.00  0.02  0.00  0.04  0.01  1.00  0.35 

47.10       11.50  12.24  0.46  0.65  0.7!  0.0!  3.43  0.50  16.30  3.75 

4.44  10.31  -0.95  0.13  0.36  0.31  0.39  0.38  4.32  1.37 

3.04  1.23  1.22  0.13  0.17  0.01  0.67  0.11  3.36  0.93 


I 


13.40 

6.00 

6.58 

1.00 

0.36 

41.30 

29.00 

3.30 

159.30 

265.10 

3.23 

55.90 

16.30 

330.30 

605.30 

47.10 

74.21 

63.62 

7.59 

15.27 

2.. -5 

165.31 

141.68 

22.50 

48.45 

58.39 

3.^ 

12.34 

3.55 

91.3! 

112.30 

15.15 

1.30 

0.32 

1.34 

3 

32.30 

0.16 

27.70 

= 

13.33 

0.37 

6.36 

: 

7.33 

0.34 

7.39 

3 

500 

2.4 

LL  RESULTS  ARE  IN  nf/L   UNLESS  OTHERWISE  STATED;  (n/u)  INOICATES  HO  UNITS. 


OlSTRIBUTIO»    STSTEMS    SUDT    -    OEHERAL   CHEMISTaT    (1981,    1983.    1985,    1986)    -    (TREArEO)    SURFACE   LAKE    SOJRCES. 


I         HUtO       I      AU         I      PM         ICOLOUR    I    rURB    |      «NO         |         RES         |        tU        |      Mq         |    ASTH    |    UUG    |    «H3    |KJELO|    OOZ      |    WI    |      »      |    OOC      |    SiOJ    | 
I    (CjCOJ)    |(Cjcn3)    I  ■•    I    CTOJ)    |(fTU)    |<unio/ai)|  |  |  |  (n/u)    |(n/u)    III  III  I  I 


»   SAMP 

34 

34 

34 

31 

31 

34 

34 

34 

34 

31 

34 

34 

33 

33 

33 

32 

34 

34 

34 

28 

14 

KIN 

12.00 

i.ao 

4.64 

0.00 

0.24 

35.30 

12.00 

2.80 

1.00 

5.90 

-4.47 

0.00 

0.02 

0.00 

0.05 

O.OI 

1.00 

o.n 

1.50 

0.02 

0.67 

lUU 

151.30 

188.90 

9.70 

27.  M 

2.20 

320.00 

550.00 

45.40 

10.60 

12.33 

0.48 

0.32 

0.60 

0.02 

3.67 

0.50 

15.00 

z.rs 

34.00 

1.0Î 

16.25 

■<€A» 

70.34 

54.72 

7.S6 

6.58 

0.72 

171.19 

133.76 

21.32 

4.14 

10.75 

•1.14 

O.IO 

9.26 

0.01 

0.42 

0.06 

3.36 

1.34 

18.92 

0.38 

6.92 

SO 
COUO 

44.45 

41.15 

o.r» 

6.57 

5 

0.55 

1 

76.79 

92.31 

13.79 

2.72 

1.33 

1.47 

0.07 

0.13 

0.01 

1 

0.65 
10 

0.11 

2.76 

0.33 

10.04 
500 

0.43 
2.4 

4.31 

ill   DESULTS   ARE    IN   «4/1.   UNLESS   OTHERUISE    STAfED;    (n/u>    tNOICATES   NO  UMITS. 


OtSTRIBUTIO»    STSTEHS    STUOT    ■    3ENERAL   CHEXISTRT    C1981.    1983,    1985,    1986)    -    (FLUSHED)    SURfACE   m«    SOURCES. 


I        KARO       I      ALJC        I      PM         jCOLOUR    |    rURB    |      CONG         |         RES         |        Ca        |      Hq         |    ASTM    j    LANG    |    «Hi    jKJELOl    102      |    «03    |      f      |    30C      |    SiOS    {      S04        \       f      \ 
I    (Cjca3)    |(C»C03)    I  I    (TOJ)    |(fTU)    |(umo/eni)|  |  |  |(n/u)    |(n/u)    I  |  |  |  |  |  |  I  II 


210 

210 

210 

189 

189 

210 

210 

210 

210 

181 

202 

202 

199 

199 

199 

193 

202 

201 

202 

182 

106 

10.00 

2.20 

4.77 

0.30 

0.14 

36.30 

30.30 

3.00 

1.00 

6.22 

-6.15 

3.00 

0.32 

0.30 

0.05 

0.01 

0.40 

0.95 

1.00 

0.01 

3.94 

158.30 

199.30 

9.70 

61.90 

25.30 

343.00 

645.00 

47.40 

11.30 

12.26 

1.43 

0.41 

1.40 

0.02 

4.15 

0.50 

16.00 

8.90 

99.00 

1.33 

57.20 

73.39 

57.19 

7.51 

6.95 

0.73 

179.67 

145.23 

22.58 

4.21 

10.74 

-1.10 

0.11 

0.27 

0.31 

3.48 

0.37 

3.69 

1.31 

19.50 

0.^ 

7. il 

~z.~a 

41.43 

0.66 

3.12 
5 

1.36 

1 

76.74 

92.33 

13. a9 

2.64 

1.17 

1.36 

0.38 

0.15 

0.31 
1 

0.75 
10 

0.12 

2.99 

1.29 

11.38 
500 

0..3 
2.4 

7. .9 

ALL    RESULTS   ARE    IN   mq/L   UNLESS   OTHERUISE    STATED;    (n/u)    INDICATES   NO  UNITS. 


XI 


DlSTRtBunOII    SlrSTEHS   SnOT    ■    aHERAL    :«eMISTRT    (1981.    '943,    ■985,    -986)    •    ;R>U)    SUÏfAŒ    RlVtH    samCÎS. 


I        Mao       I      «UC        I      9M      lOLOUR    I    njRB    I         C3M>         I         3ES  |        Ca         {      l^         |    ASTM    |    LANG    {    NH3    IKJELOI    «02      {    «OS    |      »      |    3(X      |    SiOS 

1   (CaCOJ)    [(CiCG3)    I  ,    (TOJ)    |(fnj)    |{ij«io/em)    |  |  |  ICn/u)    |<n/u)    111  III  ! 


SAW 

21 

21 

21 

18 

18 

21 

21 

21 

21 

15 

18 

20 

20 

20 

20 

16 

20 

20 

20 

19 

9 

20.50 

U.60 

6.S3 

0.63 

3.54 

42.50 

27.20 

4. SO 

1.30 

9.S4 

-2.90 

3.30 

0.20 

3.30 

3.10 

3.31 

'.30 

3.55 

1.94 

3.33 

3.99 

1 

260.  M 

185.30 

J. 28 

109.30 

19.30 

610.30 

1040.30 

79.30 

21.30 

12.76 

1.-7 

3.51 

1.20 

3.39 

7.90 

:.io 

26.30 

13. M 

93.30 

3.77 

11. .0 

.N 

91.51 

67.23 

7.69 

29.6* 

3.38 

200.38 

195.11 

27.64 

5.39 

11.13 

•0.35 

3.16 

0.57 

3.32 

0.79 

0.34 

7.76 

2.71 

18.91 

0.39 

4.72 

70. âS 

49.01 

O.JS 

2Î.2S 

4.53 

151.35 

227.91 

21.32 

5.12 

1.34 

1.13 

0.14 

0.27 

0.32 

l..-^ 

0.33 

5.s5 

2.i2 

21.33 

3.17 

3.;o 

[RESULTS   AIE    !N   mt/l   UNLESS   OTHERWISE    STATES;    (n/u)    INOICATES   «0  JMITS. 


DISTRIBUTION    STSTENS    STUOT    ■    :EMERAL    CHEftlSTRT    :1981,    '983,    '985,    '986)    •    :TREArEO)    OMfACE    JIVER    SOURCES. 


I        WWO      I      ALK        I      SM      jCOLOUR    |    OlRB    |         C3N0         |         RES  |        Ca         |      Nq        {    ASTM    |    UUC    |    «H3    jKJELOl    «02 

I    (CaCaS)    |(eiC03)    ;  |    <Ta)    icfnjl    |(i*ro/ail    l  I  |  |(n/ul    |(n/u)    :  I  'I 


23               23           23             20  20                   23  23  23  23           '7           20         21         20  21  21  17  21  21 

22. iO           2.-0       5.59         a.'Q  3.:s             al.30  -0.30  4.30  1.30       7.24     -5.13     3.32     0.06  0.30  3.10  0.31  1.30  3.55 

308.30       184.00       3.23       63.30  2. SO           680.30  575.30  82.30  23.30     12. .'6       1.28     O.iO     1.00  0.33  3.15  3.11  16.20  -.70 

109.24          69.34        7.53        11.95  3.95             259.17  175. '0  33.-2  6.23      11.32      -0.94      3. '5      3.39  3.33  3.32  3.32  5.25  2.34 

33.97         57.47       0.55       15.35  0.7O           172.51  132.35  24.57  6.-7       1.42       1.52     3.11     0.25  3.07  1.75  0.33  4.32  1.35 

5  1-  .  .  .....  1  10  •  ■  - 


11.50 

3.32 

98.30 

3.91 

31.30 

3.25 

22.38 

3.34 

.   RESULTS   A»E    :»   »H/L   UNLESS   OTHERWISE    STATED;    '.n/u)    IMOICATES    MO  UNITS. 


SISTRISUTICW    SrSTEMS   STTJOT    ■    S£MeR«L    CHEHISTST    (1981.    1983,    !9a5,    1986)    -    (fOSHSD)    SU«f«C£    5IVÎ8    SOU»CES. 


I      K«o    I    *LK      I    pN    icoiou»  I  nj«»  I      am      |      res       \     u     \    i»q      \  astm  |  unc  |  hhs  \uiia\  «a    |  «03  |    »    |  ooc    |  sioi  i 

I    (CJC03)    |(CjC03)    I  I    (TOI)    |(fTU)    {(i«<o/cn>    |  |  |  |(n/u)    |(n/u)    I  |  |  III  |  | 


«  SAMP 

118 

lis 

118 

97 

97 

118 

118 

118 

118 

90 

111 

MIN 

1.130 

2.40 

5.31 

a.40 

0.18 

57.20 

18.20 

1.00 

t. 00 

7.03 

-5.34 

MX 

J24.ao 

218.30 

8.40 

47.30 

3.40 

720.00 

57î.a0 

93.00 

24.00 

12.96 

1.35 

««>« 

119.35 

74. 7Ï 

T'.ôl 

9.71 

0.77 

287.72 

192.69 

36.05 

7.05 

11.16 

•0.34 

SO 

38.69 

57.33 

0.S5 

12.50 

0.64 

191.99 

140.01 

25.^ 

6.66. 

1.37 

1.46 

109 

110 

0.04 

o.oo 

1.00 

0.35 

0.40 

0.02 

0.24 

0.S4 

90 

no 

110 

109 

104 

53 

0.01 

0.70 

0.65 

11.00 

3.31 

).!5 

0.45 

9.30 

7.30 

100.30 

0.39 

59.40 

0.03 

3.89 

2.26 

35.40 

0.25 

7.74 

0.05 

2.42 

1.20 

26.37 
SOO 

0.32 
2.4 

9.33 

•LL  RESUirS  ME  IN  mq/L   UNLESS  OTHERWISE  STATED;  (n/u)  INDICATES  NO  UNITS. 


DISTRIBUTION  STSTEHS  STUOT  •  «ETALS  (1981,  1983,  1985,  1986)  -  (RAW)  3I0UN0  WATER  SOURCES. 


|TE.HP(oC)|   At   I   Sb  I   *«  I   3»  I  8   I   Cd   I   Cr   I   Co   I   Cu  i   f«  I   »b   I   Xfi  I   H9   I   NO  I   «1   I   S.  ! 


32 

31 

12 

21 

31 

19 

24 

31 

22 

31 

31 

21 

31 

11 

10 

31 

21 

21 

0.000 

0.004 

0.001 

0.001 

0.005 

0.010 

0.000 

0.001 

0.301 

O.OOl 

0.305 

0.002 

0.000 

0.000 

0.001 

0.301 

0.001 

o.:oo 

5.000 

1.300 

0.002 

0.014 

0.340 

0.570 

0.002 

0.050 

3.350 

0.344 

4.J50 

0.010 

0.142 

0.300 

0.012 

0.350 

3.003 

0.320 

9.631 

0.133 

O.OOl 

0.002 

0.380 

0.10O 

0.301 

0.008 

0.313 

0.311 

0.557 

0.0O4 

3.325 

3.300 

3.307 

0.311 

0.301 

0.006 

3.245 

0.254 

0.300 

0.004 

0.070 

0.125 

0.301 

0.011 

3.320 

0.310 

1.354 

0.002 

0.034 

0.000 

0.305 

0.318 

O.OOO 

0.305 

0.5 

1.3 

5.3 

0.305 

0.05 

1.0 

0.3 

0.05 

0.35 

0.001 

0.31 

0.5 

ALL  «ESULIS  ARE  IN  mg/L  UNLESS  OTHERWISE  STATED. 


3is:5I3u:::n  ïtste.-s  stuot      -e^JLS  "9ai ,    '583.   ''as.   ■"84)  ■     'seate::   :;aj»o  .»tei  :cxircss. 


a.:o3 

:.30i 

3.301 

3.305 

O.OU 

3.300 

0.001 

3.301 

3.301 

3.308 

3.302 

:.:io 

3.302 

3.302 

3.:7i 

3.540 

3.301 

0.343 

3.350 

3.330 

3.340 

3.360 

3.:âi 

3.:oi 

3.301 

3.376 

3. '33 

3.300 

3.313 

:.;22 

3.;-3 

:.:2a 

3.310 

:.:3i 

3.300 

3.330 
3.; 

3.363 

•.3 

3. -55 
5.3 

3.300 
3.305 

3.313 
3.35 

3.:2; 

3.320 
•  .3 

3.;''2 

3.3 

3.313 
3.35 

3.300        3.301 

3.300        3.314 


3.306 
3.307 


3.301 

3.302 

3.301 

3.305 

3.320 

3.356 

3.302 

3.307 

3.3U 

3.301 

3.306 

3.317 

3.31 

3.5 

5.3 

ALL    JESUL"S    »«e    :n    T>9/L    JHLESS    3THeswlSc 


3ISTSI3Ur;CH    SYSTEMS    STUOT    ■    -fALS    :1981.     •583.    -'SS,    -586)    •    ÎFL-SHE:;    :;ouiiO    .AIES    SOLIPCES. 


3.300 

3.303 

3.301 

3.301 

3.301 

3.304 

0.30O 

0.301 

3.301 

3.301 

3.306 

3.301 

3.300 

3.300 

3.301       ;.; 

3-         3.301 

3.300 

3.301 

2'. 300 

3.330 

3.3C2 

3.302 

3.  -60 

3. .30 

3.303 

3.350 

3.370 

3.-50 

3. -50 

3.332 

:.-42 

3.300 

3.350       ;.; 

3        3.305 

3.323 

3. -20 

•2.335 

3.365 

3.301 

3.301 

3.357 

3.335 

0.300 

3.303 

3.313 

3.376 

3.-3 

3.3C4 

3.323 

3.300 

3.308       :.: 

-        3.301 

3.307 

3.314 

-..34 

3.375 

3.300 

3.300 

3.333 

3.333 

3.301 

3.311 

3.323 

3. ■•7 

3.556 

3.305 

:.3:5 

3.300 

3.311           3.323        3.301 

3.306 

3.317 

0.3 

•.3 

5.3 

3.305 

3.35 

-.3 

3.3 

3.35 

3.35 

3.301 

3.31 

3.5 

5.0 

»L.    ÎESUL^S    â«e     :N    -nj/L    JNLSSS    3T1.E5UISE     S'ATEO. 


3ISTR[3uriOII    SrSTEXS   STUOT    •    ^TALS    [1981.    1983,    1983.    1986)    -    (RJWOO»)    SaCUNO    MTi»   SOUUCSS. 


I  lrEH»<oCll       «t     I       Sb     I       At     ^       3«     I     g       I       Cd       I       Cr       I       Co     I       Cu     I       f«     I       ^       I       Mn     I       49       I       M9     I       41       [       $•     I       *4       I       :n 


y 


57 

74 

54 

nj 

71 

48 

50 

74 

40 

74 

74 

Li 

74 

4 

4 

74 

70 

70 

'^ 

0.000 

0.003 

0.001 

0.001 

3.001 

3.005 

3.000 

3.001 

3.001 

0.301 

3.001 

3.002 

3.001 

3.000 

3.001 

3.001 

3.001 

0.000 

3.30i 

27.J00 

0.290 

O.JOZ 

0.003 

0.:îO 

0.U3O 

0.005 

3.350 

0.070 

2.J30 

3.200 

O.âZO 

0.091 

3.000 

0.023 

3.420 

3.004 

0.020 

-..rJ^ 

15.354 

O.OM 

0.001 

0.001 

0.053 

3.078 

3. 001 

0.011 

3.023 

0.392 

3.305 

3.343 

0.021 

3.300 

0.007 

0.339 

0.301 

3.007 

3.:î5 

4.762 

0.042 

0.000 

0.000 

3.037 

0.074 

0.001 

0.013 

0.02t 

3.^98 

3.%M 

3.140 

3.3Z1 

3.300 

3.0O9 

3.083 

3.001 

3.007 

0.341 

0.3 

1.3 

5.0 

0.305 

0.05 

1.3 

0.3 

O.OS 

fl.as 

3.001 

- 

0.01 

3.3 

'■4 

ALL   »SULrS   AUC    IN   n«/L   JMLÏSS  OTHCMtSC    STArO. 


0IST5I31ITIOII    STSTEW    STIOT    -    *TALS    (1981.    1983.    1985,    1984)    •    (OVtRXICHT)    aOUMO    JATEII    SOU«C£S. 


Co      \        Zu      \        F«      I        >t>        I        Nn      I        «1        I        S«      I        A4        I        Zn      I 


45 

53 

53 

53 

48 

51 

27 

53 

53 

53 

53 

23 

53 

53 

53 

53 

51 

O.OOO 

0.003 

0.301 

3.001 

0.001 

3.005 

3.300 

3.001 

3.001 

3.301 

3.001 

3.002 

0.001 

0.002 

3.301 

3.000 

3.302 

24.000 

3.140 

0.302 

3.303 

0.150 

0.200 

3.003 

3.350 

3.080 

2.590 

3.040 

3.074 

0.080 

3.040 

3.306 

3.020 

3.540 

•8.054 

3.038 

0.001 

O.OOI 

0.053 

3.045 

3.301 

3.315 

0.024 

0.425 

0.258 

0.011 

3.320 

3.32S 

3.001 

3.308 

0.242 

5.0O4 

3.342 

3.000 

0.000 

3.040 

3.054 

3.001 

3.013 

0.02Î 

3.518 

3.444 

3.318 

3.317 

3.022 

3.301 

0.3O8 

0.72S 

0.5 

1.0 

5.0 

3.305 

3.35 

1.3 

3.3 

3.05 

0.05 

0.31 

0.5 

5.3 

ALL    >6SUl:S    A«e    :»    -nq/L   'JNLESS    3TMe;iulSE    STATEO. 


3TSTEMS    "LOT    ■    -e-JLS      ;"5ai.    -983.    -îaS.    •986)    ■    -B»U)    SURfâCî    .;«£    :OURCSS. 


35 

33 

•5 

20 

33 

33 

31 

33 

23 

33 

33 

31 

33 

•a 

13 

33 

20 

20 

33 

3.:oa 

:.:05 

3.:oi 

3.:o; 

3.305 

3.305 

3.300 

3.301 

3.301 

3.301 

3.312 

3.301 

3.301 

3.300 

3.301 

3.301 

3.301 

3.300 

3.301 

5.300 

-.230 

o.;o2 

z.zzz 

3.350 

3.360 

3.301 

3.317 

3.350 

3.365 

•.370 

3.336 

3.344 

3.300 

3.321 

3.--0 

3.302 

3.320 

3.332 

'.ij? 

3. -55 

:.:oi 

o.:c' 

3.329 

3.319 

3.300 

3.305 

3.305 

3.3ir 

3.132 

3.304 

3.315 

3.3C0 

3.308 

3.313 

3.302 

3.312 

3.313 

'•-'■'• 

:.:3r 

:.:oo 

3.:co 

3.316 

3.314 
5.3 

3.3C0 
3.3CS 

3.304 
3.35 

3.313 

3.315 
•.3 

3.263 
3.3 

3.306 
3.35 

3.311 
3.35 

3.300 
3.301 

3.308 

3.324 

3.301 

3.31 

3.338 
3.3 

3.307 

L.    'ESULl^S    «BE    IN    -nq/L    wNLESS    3TweRulS£    STATES. 


ISTSISUTICN    STSTE-S    ;ti.O'    •    "EMlS        '581.     •■JS3,    •985.    'ISi)    -    r^EATSS)    5uaF«CE    -AtE    30USCE-. 


3.331         3.301        3.305        3.335        3.330        3.301         3.30'         3 

3.302        3.302        3.350        3.120        3.3C5        3.332        3.350        3. '30        3.;;0        3.309        3.326        3.300        3.312        3.330        3.302        3.320        3.220 


3.301        3.327        3.322        3.300        3.305        3.305 
3.300        3.317        0.324        3.301        3.306        3.3'3 
3.3  1.3  5.3       3.305  3.35 


3.305 

3.301 

3.301 

3.300 

3.301 

3.301 

3.301 

3.;;o 

3.309 

3.326 

3.300 

3.312 

3.330 

3.302 

3.351 

3.303 

3.309 

3.300 

3.303 

3.3-- 

3.301 

3.349 

0.302 

3.305 

3.300 

3.303 

3.3-3 

3.301 

3.3 

3.35 

3.35 

3.301 

3.31 

-^/'.    jm.£!S    3'xE'UISE    "ATEO. 


oisTïiauno»  ststexs  stvdt  •  ««tals    cimi.   ;9a3.   ^«85.  iw*)  -  (Flushcb)  su»f»cs  laxs  sources. 


|TE(W(oC)|     *i       1     S6      I     4(       I     9a       I       a       I     Cd      I     er      |     :o 


f»       I      Pb       !      «n       I      K4       I     <a       I      »i        I      s*       I      «4 


222 

215 

113 

1S6 

217 

155 

203 

217 

174 

217 

217 

197 

217 

132 

62 

217 

156 

155 

3.300 

0.303 

0.301 

0.301 

0.301 

0.305 

3.000 

3.300 

3.301 

O.OOT 

O.OOS 

0.001 

0.300 

3.000 

3.300 

0.301 

3.301 

3.300 

24.300 

2. MO 

0.302 

0.302 

0.374 

O.IM 

0.002 

3.322 

3.050 

0.899 

2.300 

0.338 

3.122 

3.300 

0.314 

3.360 

3.306 

3.320 

n.^ti 

3.;4i 

3.301 

3.301 

0.029 

3.319 

0.000 

3.305 

3.306 

3.359 

3.386 

3.304 

:.:09 

0.300 

3.303 

3.309 

3.302 

3.311 

5.322 

a.joa 

3.300 

0.300 

0.318 

0.316 

0.300 

3.304 

3.313 

0.392 

3.177 

3.304 

3.310 

3.000 

3.304 

3.314 

3.301 

3.308 

0.5 

1.3 

5.3 

0.305 

0.35 

1.3 

0.3 

3.35 

0.35 

3.301 

3.31 

3.5 

ALL    RESULTS   Ug    IM   .1^/L   UIIIESS   9THEMISE    STATCD. 


OlSTJISUTtOt    STSTEMÎ    STUJT    -    K«T»LS      (1981.    1983.    '985.    1986)    •    (lUnOOO    SUHfiCÎ    -»«    SOUSCÎS. 


I      *•         I      î»        I 


I       '•        I      »» 


»   SAXP 

•13 

•51 

112 

136 

151 

136 

137 

150 

126 

151 

m 

136 

•51 

27 

15 

151 

136 

136 

•51 

<IH 

3.300 

3.301 

3.301 

0.301 

0.303 

0.005 

3.000 

3.301 

3.301 

3.301 

3.302 

3.301 

3.301 

3.300 

3.301 

3.301 

0.301 

3.300 

<itx 

26.300 

t.;oo 

3.302 

3.302 

3.366 

0.340 

0.110 

3.335 

3.350 

i.reo 

5.300 

3.210 

3.i40 

3.300 

3.:30 

3.360 

0.305 

3.320 

•«AU 

15.112 

0.113 

3.301 

3.301 

3.335 

3.319 

0.301 

3.306 

3.307 

3.<45 

3. 148 

3.316 

3.311 

0.300 

0.012 

0.314 

0.302 

3.312 

3.112 

SO 

5.it4 

3.217 

3.300 

3.300 

3.317 

3.330 

0.309 

3.305 

3.315 

3.Ï31 

3.398 

0.330 

3.320 

3.300 

3.333 

0.015 

0.3O1 

3.309 

3.26- 

XWQ 

3.5 

1.3 

5.3 

0.305 

0.35 

1.3 

3.3 

3.35 

3.35 

3.301 

3.31 

3.5 

5.3 

ALL    JtSULTS    A«e    :»    -mj/L    JMLSSS   OTHESWISE    STATED. 


JTSTE.HS    :TU0T    ■    '«ETiLS       I^QSl.     'îaS.    'WS.     '986)    -    'CVESmCHri    SURFACE    ,AKE    SOURCES. 


o.3oa      :.J05      :.3oi 
î4.:oQ      3.350      :.:o2 


•6.aS2      o.:80     o.:oi 

~.Z2'        3.370        3.:0Q 


3.;ai 

3.313 

3.305 

3.300 

3.301 

3.001 

3.301 

3.307 

3.301 

3.300 

3.301 

3.301 

3.300 

3.301 

:.;o2 

3.350 

3.330 

3.302 

0.325 

3.350 

-.910 

3.Î40 

3.  ■•3 

3.331 

3.300 

3. 380 

3.309 

3.320 

3.:ia 

3.:oi 

3.34! 

3.312 

3.300 

3.307 

3.308 

:.î-o 

3. -22 

3.:-3 

3.310 

3.300 

3.313 

3.302 

3.313 

3.-7? 

:.;3o 

3.313 

!.3 

3.304 

3.300 
3.305 

3.3C4 
3.35 

3.314 

3.374 

3.3 

3.3''5 
3.35 

3.305 

3.;s 

0.300 
3. 301 

3.317 

3.301 
3.31 

3.309 

3.5 

3.-17 

«LL    5ESUL"S    'Hi    -.H    -ng/l.   JHLESS    3THeRUlSE    âTATED. 


3[Sr5IBUT;OH    SrsTEXS    3-UOT    .    -E^ACS    :-9ai,     -983.    '985,     -986)    ■    rSAWl    XSfACH    ÎIVE?    SOURCES. 


3.300 

3.333 

3.301 

3.331 

3.307 

3.305 

3.300 

3.301 

3.301 

3.301 

3.323 

3.301 

-    "5 

3.;co 

3.-32 

3.302 

3.302 

3. -40 

3.370 

3.300 

3.310 

3.302 

3.;n 

'.•90 

3.312 

3.35o 

3.301 

3.303 

3.358 

3. -58 

3.301 

3.301 

3.334 

3.320 

3.300 

0.304 

3.30' 

3.334 

3.248 

3.303 

-      -7. 

3.300 

3.302 

3. -CO 

3. -43 

3.300 

3.300 
3.5 

3.332 

3.313 
5.1 

3.300 
3.305 

3.303 
0.35 

3.300 

3.341 

1.3 

3.;-; 

0.303 
3.35 

3.35 

3.300 
3.301 

3.301 

3.331        3.301         3.300        3.301 
3.350        3.302        3.320        3.339 


3.3-3 
3.309 


3.333 
3.333 


»EÎUL'S    »«E    IN    tiq/L    UNLESS    3rHE'UISS    iTATSO. 


oisnJtaunoM  ststews  stibt  •  ««tals  <i9ai,   ''as.  'ws.  i9a6)  •  <T»EArH)i  suafAcs  »ivs»  sou«e£s. 


I  |TEH»foC)l      »l        I      Sb       {     «s        I      3a        I        i       I     Cd       I      Cr       |     Co       |      Sj       |      f«       |      »0       I      «"       |      rt«       |     »o 


S«       I      «4       I      il 


<   %M» 

20 

a 

9 

13 

22 

'3 

a 

23 

19 

23 

23 

22 

23 

11 

9 

22 

13 

13 

Km 

o.aoo 

0. 

.028 

0.001 

0.0O1 

0.003 

0.305 

3.000 

0.000 

0.001 

0.301 

0.300 

3.000 

3.301 

3.300 

0.001 

0.301 

0.001 

o.ooo 

MAX 

26.300 

0. 

.no 

0.002 

0.302 

3.3Î0 

3.380 

0.302 

0.020 

0.320 

3.240 

3.à30 

0.312 

3.S36 

0.300 

0.002 

9.340 

0.302 

3.320 

»«» 

10.12Î 

a. 

.;66 

0.301 

0.301 

0.327 

0.324 

0.300 

0.304 

0.302 

0.332 

0.392 

0.303 

3.335 

3.300 

0.301 

0.308 

3.301 

0.309 

SO 

a.iZT 

0. 

.151 

0.300 

0.000 

0.015 

0.320 

0.300 

0.305 

0.304 

0.051 

0.132 

3.302 

3.;09 

0.300 

0.001 

0.011 

0.301 

3.309 

00  WO 

o.s 

1.0 

5.3 

0.305 

3.35 

1.3 

0.3 

3.35 

3.35 

0.301 

3.31 

O.J 

23 
3.301 
3.364    I 


ALL    XSULrS    ARC    '.»   iq/L   JMLÏSS   OTHEltUISE    STATED. 


OlSTRIBUTIO»    SYSTEM    STUOT    •    ««TALS    (l'ai,    1983.    '985,    198*)    ■    ifLUSHED)    SUÏfACE    »IVÏJI    SOWŒS. 


I      Sb 


I      Cd 


I      =a         I 


128 

118 

53 

71 

114 

71 

118 

118 

100 

118 

118 

114 

3.300 

3.302 

3.301 

3.301 

3.301 

3.305 

3.300 

0.300 

0.301 

0.302 

3.300 

3.301 

27.300 

1.200 

3.302 

3.302 

3.359 

3.390 

3.304 

0.322 

3.320 

3.J00 

O..:0 

3.322 

I1.Î70 

0.:34 

3.301 

3.301 

3.329 

3.321 

3.300 

0.005 

0.302 

3.342 

3.370 

3.304 

7.308 

o.;65 

0.300 

3.300 

3.314 

0.320 

0.301 

0.005 

0.304 

3.350 

0.379 

9.304 

3.5 

1.3 

5.3 

0.005 

0.05 

•.3 

3.3 

3.35 

3.300 

0.001 

o.;oi 

0.301 

0.300 

3.301 

3.304 

0.343 

3.309 

0.330 

3.300 

9.302 

3. 306 

9.302 

3.309 

9.300 

9.301 

3.307 

0.301 

3.309 

9.301 

3.31 

3.5 

ALL    RESULTS   A«E    IM    Kq/L    J»L£SS   3THEHU1SE    STATED. 


3IST313unON    SYSTEMS    STliOT    •    ■«ETALS    (.T>ai  .    '983.    '985,    '5841    ■    CRAHOOMI    5USFACE    'IVER    SOURCES. 


55 

77 

S3 

63 

76 

33 

-6 

76 

66 

77 

77 

77 

77 

28 

•3 

-7 

62 

j3 

-7 

:.30o 

o.:c5 

0.J01 

a.:oi 

3.301 

3.305 

3.300 

0.000 

0.301 

3.307 

0.310 

3.301 

3.301 

3.300 

3.301 

3.301 

3.300 

3.300 

3.301 

:s.:oo 

a.aoo 

3.:oz 

3.302 

3.360 

3.390 

3.302 

3.321 

3.320 

..;qo 

3.300 

3.:  00 

3.362 

3.300 

3.306 

3.330 

3.302 

3.320 

3.330 

i.-i5 

:.-i7 

3.201 

0.301 

3.329 

3.319 

0.300 

3.005 

3.302 

3.276 

3.397 

3.013 

:.:ii 

3.300 

3.302 

0.314 

0.301 

3.310 

3.394 

:.'04 

a.aoo 

3.3C0 
3.5 

3.319 
1.3 

3.318 
5.3 

0.300 
0.005 

0.004 
0.05 

3.302 

3.565 
'.3 

3.340 
0.3 

3.320 
0.35 

3.303 

3.35 

0.300 
0.301 

3.301 

3.345 

3.301 
3.31 

3.309 
3.5 

3. -60 

»LL    RESULTS    ABE    :x    ^/L   UNLESS   OTHERWISE    STATEO. 


:iST5I8UTICN    STSTE.MS    ST'^JOT    •    •(ETALS    :'981.    "983.    ■985.    •9861    •    lOVE'HIOHT)    SURFACE    51VES    SOURCES. 


;ahp  .7 

1  -.300        3.301        0.301        0.301        0.005        0.305        3.300        0.300        0.301         3.309        3.305 

X  31.300        0 


3.;23        3.511 


0.301 

0.301 

0.005 

0.305 

3.300 

0.300 

0.301 

0.302 

0.302 

3.350 

3.330 

3.336 

0.330 

0.302 

0.301 

0.301 

0.332 

3.313 

3.301 

0.307 

0.302 

0.300 

0.300 

3.5 

0.021 
1.3 

0.309 

5.3 

0.305 
0.305 

0.305 
0.35 

0.300 

0.30- 

3.301 

3.000 

3.302 

3.301 

0.3O0 

3.301 

3.363 

3.370 

3.300 

3.390 

3.302 

3.320 

■.:70 

3.313 

3.31- 

3.300 

3.313 

3.302 

3.311 

3.396 

0.31- 

3.309 

3.300 

3.317 

3.300 

3.310 

3. -as 

3.35 

3.35 

3.301 

3.31 

3. S 

5.3 

LL     SESUL'S    «RE     :H    nq/l    JMLESS    OTHEaWlSE     STATED. 


TABLE  34:  0 1 STR I  BUT  I  Otl  STSTEWS  STUOT  -  SACTERIOLOCT  AMO  aiOUOGICAL  COMTEHT  (1981,  1983.  1985,  1986)  -  (HAU)  SacUNO  WATER  SOURŒS. 


1                   1        FECAL 

TOTAL      1 

9CXG8NO 

1      f^ECAL      1 

STNO. 

1                  1               I 

1                 1                 1                 1               1 

1                    1    COLlFOdH 

COLIFOW   1 

COLIFORM 

1    STREPT.    1 

PLATE 

|HEMA/L    |C0P6/L|CLA0/L 

1   OTHER    |P«OT./L|ALC./L    |OTHER    | 

1                   1      /100«. 

/100«.     1 

/10QM. 

1     /100«.   1 

/■L 

1                 1               1 

lOUG./L    1                  1                  |HAT./L| 

IUNG£S 


§  SAMP 

19 

28 

28 

17 

20 

20 

20 

20 

20 

20 

17 

17 

MtN 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MAX 

3.00 

270.00 

1600.00 

22.00 

iOO.OO 

2.14 

0.20 

0.00 

0.47 

7.10 

96.00 

7.10 

MEAN 

1.32 

10.50 

79.39 

3,53 

61.35 

0.17 

0.01 

0.00 

0.06 

0.38 

5.94 

0.68 

SO 

1.00 

so.ar 

303.63 

5.06 

140.38 

0.47 

0.04 

0.00 

0.14 

1.58 

23.24 

1.98 

QOUO 

UD 

5 

. 

UD 

500 

- 

- 

. 

. 

. 

. 

. 

ALL  RESULTS  REFER  TO  THE  MJMBER  OF  ORGANISMS  PRESENT;  UD   INDICATES  UNDETECTABLE. 


TABLE  35:   0ISTRI8UT1ON  SYSTEMS  STUDY   -   SACTERIOLOCT  AND  BIOLOGICAL  CONTENT   (1981,    1983,    1985,    1986)   •   (TREATED)  GROUND  WATER  SOUR 


FECAL      I        TOTAL      |  BCXCRND        |      FECAL      | 

COLIFORN    j    COLIFORM    j        CtXIFORM        j    STREPT.    j 

/lOOrt.      I      /100*.      I  /100*.  I     /lOOwL    I 


ST».        Ill  I  I  I  I 

PUTE        |HE)«/L    |COP€/L|ajW/L    |   OTHER    |PROT./L|ALG./L    |OTHER 
/«.I  II  lORG./L    I  I  INAT./L 


i  SAMP 

a 

15 

15 

8 

12 

12 

12 

12 

12 

12 

9 

9 

NIN 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

MAX 

2.00 

2.00 

240.00 

4,00 

10000,00 

0,67 

0,00 

0,00 

0.67 

11,20 

63,40 

2.60 

NEAN 

0.50 

0,53 

24.67 

0,75 

988.83 

0.11 

0,00 

o.oo 

0.09 

1,03 

7.47 

0,38 

SD 

0.76 

0.83 

65.86 

1,39 

2862.04 

0,20 

0,00 

0,00 

0,19 

3.22 

21,01 

0.37 

QDWO 

UD 

5 

- 

uo 

500 

- 

- 

- 

- 

- 

- 

- 

ALU  RESULTS   REFER   TO  THE   HUMBER  OF  ORGANISMS  PRESENT;   UD    INDICATES  UNDETECTABLE, 


TABLE  36:  DISTRIBUTION  SYSTEMS  STUDY  •  BACTERIOLOGY  AND  BIOLOGICAL  CONTENT  (1981,  1983,  1983,  1986)  •  (FLUSHED)  GAOmO  WATER  SOURC 


FECAL 

1        TOTAL      1 

BCXG8N0 

1      ^ECAL      1 

STMO. 

COLIFOM 

1    COLIFOtM    1 

COLIFOIW 

1    STREPT.    1 

PLATE 

/100*.     1 

1     /100W.     1 

/100«. 

1      /100X.    1 

/«. 

INEHA/L  |COPE/L|CLAO/L 


I   OTHER 
0«0./L 


|PtOT./L|ALC./L|0THER    | 
I  I  INAT./Ll 


RAMGCS 


•  SAMP 

43 

111 

111 

42 

80 

106 

106 

106 

106 

106 

87 

87 

MIN 

o.oo 

O.OO 

O.OO 

0.00 

0.00 

0.00 

O.OO 

0.00 

0.00 

0.00 

O.OO 

0.00 

MAX 

2.00 

11.00 

2400.00 

2.00 

12000.00 

123.00 

61.00 

0.0« 

68.00 

10.00 

69.00 

18.00 

MEAN 

o.u 

0.59 

113.49 

0.43 

592.13 

2.51 

0.58 

O.M 

0.76 

0.24 

2.44 

0.37 

SO 

0.63 

1.U 

359.S6 

0.59 

2218.20 

12.71 

5.92 

0.00 

6.62 

1.21 

9.51 

2.07 

CDVO 

UO 

5 

- 

UO 

500 

- 

• 

- 

- 

- 

- 

• 

ALL  RESULTS  REFER  TO  THE  NLMKR  OP  ORGANISMS  PRESENT;  UO   I  HO  I  GATES  IMDETEaABLE. 


L8  37:  DISTRIBUTION  SYSTEMS  STUDY  •  BACTERIOLOGY  AND  BIOLOGICAL  CONTENT  (1981,    1983,   198S,    1986)   •   (RAW)  SURFACE  LAKE  SOURCES. 


FECAL 

COLIFORM 

/100W. 


TOTAL 

COLIFORM 

/100M. 


BCXGRMD 

COLIFORM 

/100H. 


FECAL 
STREPT. 
/100M. 


STNO. 

PUTE 

/■L 


|MEMA/L    |COPE/L    ICLAO/L    |   OTHER      |P«OT./L    |        ALC./L  |        OTHEF 

I  I  I  I   ORG./L    I  I  I        «AT.. 


\- 


29 

31 

31 

29 

14 

19 

19 

19 

19 

19 

19 

1.0OO 

O.OOO 

0.000 

1.000 

1.000 

0.000 

0.000 

0.000 

O.OOO 

O.OOO 

O.OOO 

0 

90.000 

900.000 

52000.000 

25.000 

10000. ooo 

9.380 

10.530 

10.420 

18.000 

74,000 

17283.000 

4994 

8.069 

58.935 

5373.323 

4.483 

1319.000 

1.164 

1.516 

1.028 

3.042 

6.549 

2352.068 

432 

17.529 

161.623 

12631.338 

5.396 

2808.864 

2.417 

2.929 

2.595 

5.568 

17.405 

4645.584 

1256 

UO 

5 

- 

UO 

500 

• 

- 

• 

- 

- 

• 

- 

RESULTS  REFER  TO  THE  NUMBER  OF  ORGANISMS  PRESENT;  UO  INDICATES  UNDETECTABLE. 


TABLE   38:    DISTRIBUTION    SYSTEMS   STUDY    -    3ACTERI0L0GY   AMD    3I0L0GICAI.   CONTENT    (1981,    1983.    '985,    1986)    ■    (TREATED)    SURFACE    .^K£    SOURC 


FECAL        I      TOTAL 

COL  I  FORM    I    col: FORM 

/lOOn».      I      /lOOn». 


3CXCRN0 

COL  :  FORM 
/lOOwL 


FECAL 
STREPT. 
/^OO^lK 


STNO. 

PLATE 
/ml. 


NEMA/L    ICOPE/L    ICLAO/L 


OTHER 
ORC/L 


IPROT./L 


01 
MAI 


*   SAMP 

17 

33 

33 

17 

25 

30 

30 

30 

30 

30 

30 

HIN 

0.000 

o.ooo 

0.000 

0.000 

0.000 

O.OOO 

0.000 

0.000 

0.000 

0.000 

0.000 

MAX 

2.0OO 

4.000 

350.000 

4.000 

10000.000 

5.240 

13.100 

13.390 

69.000 

2.000 

1198.000 

7! 

MEAN 

1.059 

0.758 

52.343 

1.294 

403.505 

0.259 

0.614 

0.908 

4.289 

0.189 

113.733 

i 

SO 

0.S56 

1.062 

171.778 

1.105 

1999.275 

0.967 

2.405 

3.178 

13.778 

0.438 

291.734 

16 

00  WO 

uo 

5 

- 

UO 

500 

- 

- 

- 

- 

- 

. 

ALL   RESULTS   REFER   TO   THE   NUMBER  OF   OftCANISMS   PRESENT;    UO    INDICATES  UNDETECTABLE. 


■ABLE   39:    DISTRIBUTION   SYSTEMS   STUDY    -    BACTERIOLOGY  AMD    SI0L0G2CAL   CONTE)«T    (1981,    1983,    1985,    1986)    -    (FLUSHED)    SURFACE   LAICE    SOURCES 


FECAL        1      TOTAL 

COL  I  FORM    I    COL  I  FORM 

/lOOiT».      I      /lOOiW. 


3CXSRND 

COL  I  FORM 
/lOOmL 


FECAL 
STREPT. 

/lOOmL 


STHO. 
PLATE 


IHEMA/L    ICOPE/L    ICLAO/L 


OTHER      |PROT./L 
ORG./L    I 


Q-Th 
MAT. 


r   SAMP 

99 

204 

204 

99 

168 

211 

211 

211 

211 

211 

211 

«IN 

O.OOO 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

O.OOO 

0.000 

0.000 

0.000 

<AX 

5.000 

17.000 

16700.000 

2.0OO 

1300.000 

13.910 

36.000 

32.200 

90.130 

10.000 

50600.000 

EAN 

0.919 

0.794 

222.127 

0.379 

29.353 

0.452 

0.350 

0.222 

2.473 

0.188 

988.147 

3 

0.566 

1.735 

1547.942 

0.353 

124.734 

1.552 

2.610 

2.236 

9.952 

0.947 

5232.522 

SUQ 

UO 

5 

- 

UO 

500 

- 

- 

- 

- 

aL    RESULTS   REFER    TO    THE    NUMBER    OF   ORGANISMS   PRESENT;    UO    INDICATES   UNDETECTABLE. 


XXlll 


BLE   40:    DISTRIBUTION    SYSTEMS    STUDY    -    BACTERIOLOGY   AND    3I0L0GICAL    CONTENT    (1981,    1953,    1985,    1986)    -    (RAW)    SURFACE    RIVER    SOURCES. 


1      FECAL        1 

TOTAL          1 

SOCGRNO 

1       FECAL      1 

STNO. 

1 

1                1                1               1                    1 

1 

1    COLIFOSM    1 

COL  I  FORM      1 

COL  I  FORM 

1    STREPT.    1 

PLATE 

|NEMA/L 

|COPE/L|CUO/L| OTHER    |PR0T./L    | 

ALC./L 

1      OTHER 

1      /lOOiW.      1 

/lOOirt        1 

/lOOmL 

1    /lOOmC      1 

/mL 

1 

1                1                l«G./L|                    1 

1      KAT./L 

4GES 
SAMP 


20 

1.000 

570.000 


23 

0.000 
12000.000 


21 

8.000 

400000. ooo 


20 

4.0OO 
400.300 


11 

30.000 

6300.000 


7 

o.ooo 

21.350 


7 
0.000 
3.300 


7 
0.000 
8.100 


6 
0.000 
6.790 


6 

O.OOO 
33.500 


7 

0.000 

1850.000 


6 
O.OOO 

118.000 


63.950 
150.807 

uo 


1103.174 

2852.446 

5 


4*915.905 
99543.254 


41.350 

86.751 

UD 


1775.318 

1835.249 

500 


3.167 
8.022 


0.614 
1.410 


1.174 
3.054 


1.132 
2.772 


11.850 
12.683 


632.429 
841.600 


38.383 

49.602 


RESULTS  REFER   TO  THE   NUMBER  OF   ORGANISMS  PRESENT;   UD    INDICATES  UNDETECTABLE. 


ILE   41:   DISTRIBUTION   SYSTEMS   STUDY    •    BACTERIOLOGY  AND   BIOLOGICAL   CONTENT    (1981,    1983,    1985,    1986)    •    (TREATED)    SURFACE   RIVER   SOURCE: 


1      fECAL        1 

TOTAL           1 

BCXGRND 

1      FECAL      1 

STND. 

1                 1               1               1               1                1 

1                    1 

1    COtlFORM    1 

COL  I  FORM      1 

COL  I  FORM 

1    STREPT.    1 

PUTE 

|NEMA/L    ICOPE/L 1  CLAD /Ll OTHER    |PROT./L| 

ALG./L 

1    OTHER      1 

i    /loom.     1 

/lOOmL        1 

/lOOmC 

1    /lOOn».      1 

/mL 

1                 1               1               lORG./Ll                1 

1    MAT./L    1 

NGES 
AMP 


Y 


3 

1.000 

1.000 

1.000 
0.000 

UD 


23 
0.000 
3.000 

0.6O9 

1.033 

5 


23 

S 

16 

17 

17 

17 

17 

17 

18 

17 

0.000 

1.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

O.OOO 

0.000 

34.000 

1.000 

2400.000 

23.620 

0.100 

0.250 

1.560 

0.200 

19768.000 

6.200 

9.652 

1.000 

155.599 

1.662 

0.0O9 

0.015 

0.265 

0.024 

1099.011 

0.400 

29.004 

O.OOO 

uo 

598.351 
500 

5.714 

0.026 

0.061 

0.496 

0.057 

4659.166 

1.498 

RESULTS  REFER  TO  THE  NUMBER  OF  ORGANISMS  PRESENT;  UO  INDICATES  UNDETECTABLE. 


TABLE  42:  OISTRIBUTION  SYSTEMS  STUDY  •  BACTERIOLOGY  AMO  3I0L0GICAL  CONTEMT  (1981,  1983.  '985,  '986)  -  (FLUSHED)  SURFACE  5IVER  SOURC 


FECAL 
COL  I  FORM 

/loom. 


TOTAL 

COLIFORN 

/lOOrm. 


3C)CC8NO 

COL i FORM 
/lOOim. 


FECAL 
STREPT. 
/lOOn». 


STNO. 

PLATE 

/im. 


|MEMA/L    |C0P6/L|CUU>/L| OTHER    |PROT./L| 
1  I  I  lORC/Ll  I 


ALG./L 


OTHER 
«T./L 


RANGES 


»  SAMP 

55 

126 

126 

49 

96 

119 

119 

119 

116 

116 

119 

117 

nxn 

0.000 

0.000 

0.000 

1.000 

O.OOO 

O.OOO 

0.000 

0.000 

0.000 

O.OOO 

0.000 

0.000 

MAX 

1.000 

6.000 

44000. OOO 

5.000 

2400.000 

16.320 

4.550 

6.070 

4. 500 

0.300 

39882. QOO 

140.000 

MEAN 

0.391 

0.397 

569.595 

1.082 

230.393 

1.362 

0.134 

0.120 

0.231 

0.033 

995.360 

2.472 

SO 

0.315 

1.264 

3999.643 

0.571 

621.664 

2.982 

0.643 

0.650 

0.626 

0.127 

5377.690 

14.160 

QOUQ 

UD 

5 

- 

UO 

500 

- 

• 

- 

• 

• 

- 

- 

ALL   RESULTS   REFER   TO   THE   MJHBER  OF   OBGAMISMS  PRESENT;   UD    INDICATES  UM06TECTABLE. 


TABLE  43: 


DISTRIBUTION    SYSTEMS   STUDY   -    (1981,    1983,    1985,    1986)    -    FLUSHED    SA><PL£S   ONLY   (ALL   RESIDENCES). 


I  FLUSHED  I  FLUSHED  |  FLUSHED  |  FLUSHED  |  RANOCN 
I     Cd       I     Cu       I     Pb       I      2n        I      Cd 


I  RANDOM 

I     CU 


{RANDOM 


I  RANDOM 

I      Zn 


|0VERNIGHT|0VERNIGHT|0VESNICHT|0VE9NIGHT| 

I       Cd         1       Cu         I       Pb         I       Zn         I 


P« 


ALK 

(CjC03) 
5CHEM 


*   SAMP 

MIN 

«WX 


423 
0.000 
0.QO4 


462 

0.001 
0.399 


400 
0.000 
0.038 


462 

0.000 
0.270 


261 
0.000 

0.110 


301 

0.001 
4.n30 


258 

o.aoo 

0.320 


301 
0.301 
1.300 


180 
0.300 
0.336 


220 
0.301 
4.910 


176 
0.301 
0.152 


218 
0.001 
3.S40 


411 
4.600 
9.200 


469 

2.200 
469.100 


>*eAN  0.000 

SO  0.000 

œwo       0.005 


0.059 

0.090 

1.0 


0.004 

0.304 

0.05 


0.315 

0.026 

5.3 


0.301 
0.007 
O.ÛOS 


0.409 

0.704 

1.0 


0.020 

0.063 

0.05 


0.118 
0.273 

5.3 


0.301 
0.303 
0.305 


0.435 

0.692 

1.3 


0.312 

0.320 

0.05 


0.170 

0.469 

5.0 


7.073 
0.676 


94 . 969 

79.164 


LL    RESULTS  ARE    IN   mq/L   UNLESS   OTHESUISE    STATED;    (n/u)    INDICATES    NO   UNITS. 


DISTRiaunON  SYSTEKS  STUDY  ■  (1981,  1983,  I^ÎSS,  1986)  -  FLUSHED  SAMPLES  CML"  (RESiOENCcS  JIT 


:P0E5  =LJH8ING). 


I  FLUSHED  I  FLUSHED  I  FLUSHED  I  FLUSHED  I SANDOM  |RAN0OM  |RAN0OM  [RANDOM  |OVERN I GHT | OVERN IGHT I OVERN IGHI |OVERN IGHT I   pH 
I   Cd   I   Cu   I   Pb   I   Zn   I   Cd   I   Cu   I   Pb   ,1   Zn   i   Cd    |   Cu    !   Pb    |   Zn    | 
I       I       I       I       I       I       I       I       I         I         i         I 


I    ALK    i   lAUG 
I  (CaC03)  I  (n/u) 
FIELD  I   GCHEH   1 


*    SAMP 

229 

264 

225 

264 

180 

215 

177 

215 

136 

172 

132 

170 

240 

264 

253 

HIN 

0.000 

0.001 

0.001 

0.001 

0.000 

0.001 

0.001 

0.001 

0.000 

0.001 

0.001 

0.002 

4.600 

2.2CO 

-6.150 

MAX 

0.003 

0.899 

0.032 

0.160 

0.003 

4.700 

0.320 

1.700 

0.003 

4.910 

0.152 

3.540 

9.100 

469.100 

1.430 

MEAN 

0.000 

0.074 

0.003 

0.015 

0.000 

0.498 

0.023 

0.118 

0.000 

0.495 

0.009 

0.175 

6.925 

82.712 

•1.124 

3D 

0.000 

0.109 

0.003 

0.024 

0.000 

0.769 

0.075 

0.264 

0.000 

0.756 

0.017 

0.515 

0.701 

80.527 

1.586 

30  W 

0.005 

1.0 

0.05 

5.0 

0.005 

1.0 

0.05 

5.0 

0.C05 

1.0 

0.05 

5.0 

ALL  RESULTS  ARE  IN  iDg/L  UNLESS  OTHERWISE  STATED;  (n/u)  INDICATES  NO  UNITS. 


1A8LE  45:    DISTRIBUTION  SYSTEMS  STUDY  -  (1981,  1983,  1985,  1986)  •  FLUSHED  SAMPLES  ONLY  (RESIDENCES  WITH  LEAD  SERVICE  CONNECTIONS). 


I  FLUSHED  I  FLUSHED  I  FLUSHED  I  FLUSHED IRANOOM  |RANOOM  |RANOOM  |RANDOH  |OVERNIGHT [OVERNIGHT (OVERNIGHT lOVERNIGHT |  pH  |  UK  \  LANG 
I  Cd  I  Cu  I  Pb  i  Zn  I  Cd  I  Cu  1  Pb  I  Zn  I  Cd  |  Cu  I  fb  |  Zn  |  |  (CaC03)  [  (n/u) 
I       I       I       I       I       I       I       I       I         I         I         I         I  f'El-0  I   SCHEM   : 


a    SAMP 

39 

39 

38 

39 

39 

39 

38 

39 

27 

2' 

27 

27 

35 

39 

37 

-IN 

0.000 

0.001 

0.001 

0.001 

0.000 

0.001 

0.001 

0.001 

0.000 

0.001 

0.001 

0.001 

6.100 

16.000 

- 1 . 74C 

MAX 

0.001 

0.420 

0.038 

0.270 

0.110 

3.400 

0.102 

1.300 

0.036 

1.140 

0.118 

1.170 

8.300 

200.000 

1.35C 

MEAN 

0.000 

0.038 

0.009 

0.019 

0.003 

0.308 

0.021 

0.143 

0.002 

0.269 

0.027 

0.165 

7.244 

70.536 

-■:.-63 

SD 

0.000 

0.069 

0.009 

0.044 

0.018 

0.616 

0.026 

0.408 

0.007 

0.362 

0.031 

0.315 

0.460 

47.745 

0.319 

00 'JO 

0.005 

1.0 

0.05 

5.0 

0.005 

1.0 

0.05 

5.0 

0.005 

1.0 

0.05 

5.0 

ALL  RESULTS  ARE  IN  mg/L  UNLESS  OTHERWISE  STATED;  (n/u)  INDICATES  NO  UNITS. 


